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PREFACE. 


In  presenting  this  book  to  the  engineers,  firemen, 
and  steam-users  of  this  country,  the  writer  indulges 
the  hope  that  it  will  be  found  a  valuable  guide  and 
assistant  in  their  daily  labors.  To  the  engineers 
and  firemen  it  will  prove  a  book  pf  ready  reference ; 
and  it  will  also  enable  those  who  own  or  use  steam 
power  to  exercise  an  intelligent  supervision  over 
their  steam  machinery,  and  those  whom  they  em- 
ploy to  manage  it.  The  writer's  principal  object  in 
getting  up  this  book  is  to  give  such  information  as 
seems  best  calculated  to  raise  the  status  of  the  en- 
gineers (the  men  who  run  steam  engines),  and  to  try 
to  induce  them  to  pursue  their  inquiries  in  other 
works  on  the  subject,  written  by  abler  pens. 

It  is  a  well-known  fact  that  the  great  majority  of 
those  who  imn  steam  engines  are  men  of  rather  lim- 
ited education  —  the  three  R's  representing  about 
their  sum-total  in  that  respect — and  hence  a  book  to 
be  of  any  practiced  value  to  them  must  of  necessity 
be  written  in  language  which  they  can  understand^ 
and  not  in  symbols  beyond  their  comprehension. 

(V) 


There  are  men   who  have   had   charge  of  steam 
engines  and  boilers  for  years  and  years,  who  run 
them  every  day  and  all  day  long,  who  but  dimly 
understand  the  principles  either  of  the  construction 
or  operation  of  the   mighty   machines   over   which 
they   assume   chaise.     Some   few  of  them,    with   a 
laudable  desire  to  improve  themselves   in  this   re- 
spect, fly  to   books  ou  the  subject  for  aid,  but  are 
met  on   the  very  threshold   by   pages   upon   pages 
of  algebraical   formulffi;   "Thermal   Equivalents;" 
"  Laws    of   Thermodynamics ; "    "  Isothermal    and 
Adiabatic"  curves;   x+y,  etc.,  {very  useful  things 
to  those  who  can  understand  and  apply  them,  but) 
these  men  are  as  meaningless  and  useless 
uch   Greek   or   Latin.     Disappointed    and 
I,    they    put    the    book    carefully   away — ■ 
make  any  further  effort  to  go  ou  in  their 
if  knowledge.     Now  this  book  is  intended 
very  class  of  men  (as  a  stepping-stone  for 
g  higher  and  better)-^men  who  have  much 
—and  not  for  "  experts  "  who  have  nothing 
and  therefore  those  who  may  be  disposed 
le  will  do  well  to  bear  this  fact  in  mind. 
ant  of  a  proper  education  on  the  part  of 
2n   is  something    to   be  deplored ;    but   it 
remembered  in  their  behalf  that  many  of 
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them  were  when  boys  driven  by  poverty  to  go  out 
into  the  world  and  battle  for  bread,  when  they 
should  have  been,  by  right,  at  school,  getting  that 
greatest  of  all  blessings — a  good  education.  Know- 
ing this,  the  writer  has  used  the  plainest  and  sim- 
plest language,  so  that  it  can  be  easily  understood 
by  those  for  whom  it  is  intended  —  the  worthy 
seekers  after  "more  light."  To  those  "runners" 
who  scout  all  book-learning — the  "rule  of  thumb" 
men  who  imagine  in  their  ignorance  that  what  they  (!) 
don't  know  about  steam  and  steam  engines  is  not 
worth  knowing,  the  writer  has  nothing  to  say,  but 
will  only  add  that  "there  is  more  hope  for  fools 
than  such  men." 

After  a  brief  review  of  the  history  of  the  non-con- 
densing steam-engine,  will  be  found  in  this  volume 
many  of  the  most  popular  makes  of  steam-engines, 
by  our  most  celebrated  builders,  fully  described  and 
illustrated.  The  one  particular  object  for  so  doing 
is  this:  stationary  engineers,  as  a  rule,  seldom  re- 
main for  any  length  of  time  at  one  place,  and  are 
ever,  for  one  reason  or  another,  changing  from  one 
situation  to  another.  In  nearly  every  case  they 
are  brought  in  contact  with  a  different  make  of 
engine  from  the  one  to  which  they  were  accus- 
tomed, and   it  frequently  takes   them  days,  if  not 


VI 11  PREFACE. 

weeks^  before  they  get  "the  hang  of  the  thing/' 
as  they  express  it.  The  essential  difference  be- 
tween the  different  makes  of  engines  is  in  the 
valves  and  valve-gear;  in  other  respects  there  is 
very  little  difference,  if  any.  In  this  chapter  the 
writer  has  illustrated  and  fully  described  the  valves 
and  valve-gears  of  each  particular  engine;  so  that 
no  matter  which  one  the  engineer  may  be  called 
upon  to  take  charge  of,  he  can  do  so  intelligently, 
to  the  credit  of  himself  and  satisfaction  of  his 
employers. 

An  engineer  needs  to  read,  study,  and  advance 
himself  in  his  business.  The  trade  is  a  progressive 
one;  new  facts  are  daily  being  discovered  in  the 
employment  of  steam  and  adaptation  of  steam 
machinery  and  appliances.  He  who  professes  to 
be  a  steam-engineer,  and  does  not  make  an  effort 
to  keep  informed  as  to  the  new  developments  in  his 
profession,  will  find  his  usefulness  growing  beauti- 
fully less  and  bis  services  valued  accordingly. 

On  the  other  hand,  the  unskilled  coal-shoveler, 
who  applies  himself  to  study  and  research  to  ac- 
quire a  practical  knowledge  of  steam-engineering, 
will  generally  qualify  himself  for  a  steady  position 
at  good  wages. 

Employers  are  often  much  to  blame  for  engaging 
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ft  cheap,  incompetent  class  of  men  to  run  their  en- 
gines and  boilers,  without  regard  to  their  fitness. 
They  are  too  much  inclined  to  regard  wages  as 
of  the  greatest  consequence  in  deciding  whom  to 
employ. 

It  is  almost  useless  for  engineers  to  try  to  edu- 
cate the  whole  class  of  steam-users  as  to  the  danger 
and  pecuniary  loss  involved  by  employing  ignorant, 
unskilled  men  to  manage  their  boilers  and  engines. 
Some  progress  may  be  made  with  the  earnest  co- 
operation of  the  engineers'  press,  but  the  task  tuiU 
never  be  fully  accomplished. 

All  that  can  be  done,  therefore,  is  to  place  within 
the  reach  of  mill-owners,  superintendents,  and  other 
*' bosses"  (as  well  as  engineers  and  firemen),  the 
means  by  which  they  can  intelligently  supervise 
the  steam  as  well  as  other  departments  under  their 
charge. 

The  writer  has  often  been  requested  by  young 
and  intelligent  engineers  and  mechanics  to  name 
such  newspapers  and  books  devoted  to  steam  en- 
gineering as  would  prove  beneficial  to  them  in 
their  pursuit  of  knowledge,  and  aid  them  to  keep 
themselves  posted  in  this  age  of  rapid  progress. 
To  such  he  would  say,  read  and  study  all  the 
papers  and  books  on  the  subject  you  can  put  your 
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hands  on;  but  possess  by  all  means,  for  a  history 
of  the  steam  engine  from  the  time  of  Hero,  200 
B.  C,  down  to  1881,  **The  Growth  of  the  Steam 
Engine,"  by  Prof  R.  H.  Thurston;  and  for  the 
theory  of  the  steam  engine — "A  Text-book  on  the 
Steam  Engine,"  by  T.  M.  Goodeve.  Both  of  these 
valuable  books  can  be  had  of  the  publishers  of  this 
work.  As  regards  engineers'  newspapers,  the  ^'Amer- 
ican Machinist "  and  the  '^ Mechanical  Engineer  "  are 
two  that  no  engineer,  young  or  old,  can  afford  to  be 
without. 

In  conclusion,  the  writer  begs  to  say  that  he 
does  not  claim  entire  originality  for  this  work — 
original  books  on  the  subject  are  hard  to  find — 
indeed,  the  subject  of  the  steam  engine  is  one  that 
has  been  so  written  up  and  written  down  by  nu- 
merous writers  of  late  years,  that  there  remains 
little  or  nothing  original  to  be  said  about  it.  All 
that  any  one  in  the  present  or  future  can  do  in  pre- 
paring books  of  this  kind  is  to  go  over  the  beaten 
track ;  cull  over  that  which  has  gone  before ;  select 
the  wheat  from  the  chaff,  and  present  that  which 
is  really  useful  and  practical  stripped  of  all  engi- 
neering rubbish  w^hich  is  worthless  and  obsolete, 
and  which  only  adds  to  the  size  and  cost  of  a  book 
without  increasing  its  value. 
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To  each  and  all  of  those  kind  friends  who  aided 

him  in  any   manner  in   the   preparation   of   these 

pages^  he  returns  his  best  thanks. 

The  Author. 

£12  Washington  St.,  Wilmington,  Del,, 

May  24,  1882. 
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QUALIFICATIONS  FOR  ENGINEERS,  AND  PHILOSOPHY 

OF  THE  STEAM-ENGINE. 

Ques,  What  qnalijicationa  are  necessary  for  art 
enffineerf 

Ans.  The  very  first  qualification  is  sobriety.  No 
man  who  drinks  intoxicating  liquors  to  excess  is 
fit  to  be  an  engineer,  fireman,  or  in  fact  anything 
else  about  a  steam-engine;  and  the  law  should  be 
so  amended  as  to  prohibit,  under  the  severest  pen- 
alties, the  employment  of  such  men,  A  drunken 
engineer  or  fireman  may  not  only  destroy  himself) 
but  hundreds  of  innocent  men,  women,  and  chil- 
dren. 

Ques>  Should  not  an  engineer  be  a  machinist  by 
trade  t 

Ans,  Not  necessarily  so,  but  he  should  be  a  man 
of  ^*  mechanical  ideas."  Practical  steam-engineering 
consists  in  the  tact  of  the  engineer  in  discovering 
faults  in  the  working  of  his  engine,  and  in  applying 
the  proper  remedy.  An  engineer  must  be  some- 
thing of  a  machinist,  boiler-maker,  copper-smith, 
and  steam-fitter.  A  man  might  be  a  good  machinist 
but  a  poor  engineer,  from  want  of  iacL 
3  (xxv) 


XXVI  INTRODUCTION. 

Quea.  What  course  should  a  man  purs^ie  to  become 
a  good  practical  engineer  f 

Ans.  Go  into  the  fire-room  as  -a  fireman,  and  by 
attention  to  duty,  industry,  and  by  general  good 
conduct,  work  his  way  up.  He  must  keep  his  eyes 
and  his  ears  open,  and  learn  something  every  day ; 
when  machinists,  boiler-makers,  copper-smiths,  ^r 
steam-fittera  come  about  to  make  repairs,  watch 
them  and  see  how  they  make  them,  and  thereby 
learn  how  to  make  them  himself.  He  should  visit 
all  the  machine-shops  he  can,  and  also  other  places, 
so  as  to  become  familiar  with  the  mode  of  con- 
struction and  different  types  of  engines  and  boilers. 
He  should  not  be  either  ashamed  or  afraid  to  ask 
for  information  about  anything  he  does  not  tlior^ 
oughly  understand.  He  should  not  play  the  "  smart- 
Alec,'^  pretending  to  know  a  great  deal  more 
than  he  really  does,  for  "there  is  more  hope  for 
a  fool  than  such  a  man.''  True  merit  is  always 
modest.  And  last  but  not  least,  he  should  keep 
himself  read  up  in  his  business.  Steam-engineering 
is  progressive,  and  he  must  keep  himself  posted  on 
the  improvements  of  the  day  by  reading  all  books 
and  papers  relating  to  the  profession,  and  not 
trust  to  his  own  experience,  which  is  necessarily 
limited,  alone. 

PHILOSOPHY    AND   OPERATION    OF    THE    STEAM- 
ENGINE. 

Ques,  Will  you  explain  to  me  the  philosophy  and 
operation  of  the  steam-engine^  so  that  I  may  under" 
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stand  the  principles  cts  well  as  the  practice  of  the 
same  ? 

Ans.  In  the  operation  of  the  steam-engine  we  find 
illustrated  many  of  the  most  important  principles  and 
facts  which  constitute  the  physical  sciences. 

The  steam-engine  is  an  ingenious,  but  still  a  very 
imperfect  machine  for  transforming  the  heat-energy 
obtained  by  the  chemical  combination  of  a  com- 
bustible (anything  that  will  burn)  with  the  sup- 
porter of  combustion  (the  oxygen  of  the  air)  into 
mechanical  energy  or  power.  But  the  original 
source  of  all  this  energy  is  found  far  back  of  its 
first  appearance  in  the  steam-boiler;  it  began  when 
all  nature  came  into  existence.  After  the  solar 
system  had  been  formed  from  the  nebulous  chaos 
of  creation,  the  glowing  mass,  which  we  now  call 
the  sun,  was  the  depository  of  a  vast  store  of  heat 
energy,  which  was  thence  radiated  into  space  and 
showered  upon  the  attendant  worlds  in  unmeasured 
quantity  and  intensity.  The  heat  thus  received 
from  the  sun  upon  the  earth's  surface  was  partly 
expended  in  the  production  of  great  fi)rests,  com- 
pared with  which  our  present  forests  are  as  a  barren 
waste;  and  in  those  trees  was  stored  an  immense 
quantity  of  carbon,  which  had  previously  existed  in 
the  atmosphere,  combined  with  oxygen  as  carbonic 
acid.  The  great  geological  changes  which  buried 
these  forests  under  superincumbent  strata  of  rock 
and  earth,  resulted  in  the  formation  of  coal-beds^ 
and  the  storage  during  many  succeeding  ages  of  a 
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▼ast  amount  of  carbon,  of  which  the  affinity  for 
oxygen  remained  unsatisfied  until  finally  uncovered 
by  the  band  of  man. 

Thus,  you  see,  we  owe  to  the  heat  and  light  of 
the  sun,  as  was  pointed  out  by  the  immortal 
Stephenson  years  ago,  the  incalculable  store  of 
energy  upon  which  the  whole  human  race  is  so 
entirely  dependent,  not  only  for  the  comforts  of  life, 
but  for  life  itself. 

This  coal  thrown  upon  a  grate  in  a  steam-boiler, 
takes  fire,  and,  uniting  again  with  the  oxygen,  sets 
free  heat  in  precisely  the  same  quantity  that  it  was 
received  from  the  sun  and  appropriated  during  the 
growth  of  the  tree — no  more,  no  less.  This  heat  is 
transmitted  by  conduction  and  radiation  to  the 
water  in  the  boiler,  converts  it  into  steam,  and  its 
mechanical  effect  is  seen  in  the  expansion  of  the 
liquid  into  vapor  against  the  superincumbent  pres- 
sure. Transferred  from  the  boiler  to  the  engine,  it 
is  there  permitted  to  expand,  doing  work,  and  the 
heat-energy  with  which  it  is  charged  becomes  partly 
converted  into  mechanical  energy. 

Thus  we  trace  the  store  of  energy  received  from 
the  sun  and  contained  in  our  coal  through  its  sev- 
eral changes,  until  it  is  finally  set  at  work,  and  we 
might  go  still  further  and  observe  how,  in  each  case, 
it  is  again  usually  retransformed  and  again  set  free 
as  heat-energy.  The  transformation  which  takes 
place  in  the  furnace  is  a  chemical  change;  the 
transfer  of  heat  to  the  water,  and  the  subsequent 
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phenomena  accompanying  its  passage  through  the 
engine,  are  physical  changeSy  some  of  which  require 
for  their  investigation  abstruse  mathematical  opera- 
tions; it  also  involves  the  study  of  chemistry  and 
physics,  and  especially  of  the  science  of  thermo- 
dynamics, which  is  peculiarly  the  science  of  the  steam- 
engine,  and  other  heat  engines. 

But  again,  to  explain  more  fully  the  operation  of 
the  steam.  The  steam  with  its  store  of  heat-energy 
passes  til  rough  tortuous  pipes  and  passages  to  the 
steam-cylinder  of  the  engine,  losing  more  or  less  heat 
on  the  way,  and  there  expands,  driving  the  piston 
before  it,  and  losing  heat  by  the  transformation  of 
that  form  of  energy  while  doing  work  of  equivalent 
amount.  But  this  steam-cylinder  (as  well  as  the 
boiler)  i*  made  of  iron,  a  material  which  is  one  of  the 
best  conductors  of  heat,  and  therefore  one  of  the 
very  worst  substances  with  which  to  enclose  anything 
as  subtle  and  difficult  of  control  as  the  heat  pervading 
a  condensable  vapor  like  steam. 

The  process  of  internal  condensation  and  re- 
evaporation,  which  is  tlie  greatest  obstacle  to  eco- 
nomical working,  thus  has  full  play,  and  is  only 
checked  by  the  heat  from  the  steam-jacket,  which, 
penetrating  the  cylinder,  assists  by  keeping  up 
the  temperature  of  the  internal  surface  and  check- 
ing the  first  step,  condensation,  which  is  an  essen- 
tial preliminary  to  the  final  waste  by  re-evaporation. 
The  piston  being  also  made  of  iron  or  other  metal, 
affords  a  most  excellent  way  of  exit  for  the  heat 
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escaping  through  it  to  the  exhaust  side.  That  )^ou 
may  thoroughly  uuderstand  the  operation  of  the 
6teani-engine,  see  Figure  1  of  a  condensing  steam- 
engine  in  actual  work,  which  will  make  it  all  plain 
and  easily  understood.  The  principles  governing 
the  operation  of  the  steamrcngine  are  the  same, 
whatever  the  design  or  construction,  and  therefore 
this  explanation  of  the  operation  of  a  steam-engine, 
together  with  what  has  been  said,  will  suffice  for 
any  and  every  type,  as  they  only  differ  in  detail  or 
arrangement  of  the  various  parts.  There  is  in 
every  case  one  or  more  boilers  in  which  the  steam 
is  generated ;  one  or  more  steam-cylinders,  in  which 
the  steam  is  utilized;  a  condenser,  in  which  the 
}?team  is  condensed — turned  into  water  again — 
which  in  turn  produces  a  vacuum  in  the  condenser 
and  in  the  exhaust  side  of  the  cylinder;  an  air- 
pump  for  removing  the  water  from  the  condenser 
as  fast  as  it  runs  in,  and  also  the  air  which  enters 
with  it,  as  well  as  any  steam  vapor  remaining  uncon- 
densed ;  a  hot  well  from  which  hot  water  is  taken 
for  the  boilers,  and  one  or  more  feed  pumps  for 
supplying  the  same.  All  of  the  other  (working) 
parts  are  simply  mechanism,  connecting  the  power 
with  the  resistance,  working  the  valves,  etc.,  the 
function  of  each  of  which  will  be  found  explained 
elsewhere  in  this  book.  AA,  A,  A,  is  the  frame, 
or  gallows  frame,  as  it  is  usually  designated ;  B,  the 
beam;  C,  the  connecting-rod;  D,  the  crank;  E, 
the  shaft ;  F,  links ;  G,  piston-rod ;  H,.  piston ;  K, 
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cylinder;  L,  condenser;    M,  side-piptJs;  N,  valves; 
O,  air-pump;  P,  hot  well;  R,  air-pump  piston;  S, 
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Fig.  1. 


foot  valve ;  T,  channel  way ;  U,  eccentric  rod ;  W, 
steam-pipe ;  Y,  injection  pipe. 

Now^  supposing  this  engine  in  motion^  the  steam 
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is  entering  the  cylinder  through  the  lower  steam- 
valve  and  driving  the  piston  up,  as  shown  by  the 
arrow;  at  the  same  time  the  upper  exhaust  valve 
is  open,  allowing  the  steam  which  had  previously 
driven  the  piston  down,  to  escape  to  the  condenser, 
leaving  a  vacuum  in  the  cylinder  on  that,  the  ex- 
haust side  of  that  stroke.  During  this  up  stroke 
the  upper  steam  and  lower  exhaust  valves  are 
closed.  (On  the  down  stroke  the  movement  of 
the  valves  will  be  reversed.)  The  exhaust  steam 
rushes  through  the  exhaust  side-pipe  into  the 
condenser,  where  it  is  instantly  condensed  by  a 
shower  of  cold  water  entering  through  the  injection 
pipe.  As  fast  as  the  condensing  water  flows  in,  it 
passes  through  the  foot- valve  to  the  air-pump,  and 
as  the  air-pump  piston  ascends,  fills  the  barrel  of 
the  air-pump.  When  the  air-pump  piston  descends, 
the  foot-valve  closes,  which  prevents  the  water 
returning  to  the  condenser;  the  valves  in  the  air- 
pump  piston  open,  the  water  passes  through  to  the 
upper  side,  together  with  the  air  and  uncondensed 
vapor  mixed  with  it;  from  thence  to  the  hot- well, 
and  all  not  required  for  feeding  the  boilers  goes 
waste  through  the  discharge  pipe,  and  this  is  re- 
peated over  and  over  again  so  long  as  the  engine 
is  in  motion.*  In  this  case  the  condenser  is  of  the 
"jet"  type,  in  which  the  water  flows  in,  forced  by 
the  atmospheric  pressure;  in  the  surface  condenser 

*  In  a  non-condensing  engine  there  would  be  no  condenser  or 
air-pump,  and  the  steam  would  exhaust  into  the  atmosphere. 
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the  water  is  driven  through  the  tubes  by  an  inde- 
pendent pump.  The  difference  between  these  two 
types  of  condenser  will  be  found  more  fully  explained 
elsewhere. 

Ques.  Explain  in  simple  language  the  gain  by  ex- 
panding steam? 

Ans.  It  saves  steam^  but  it  diminishes  the  power 
of  the  engine  while  increasing  the  efficiency  of  the 
steam.  For  instance,  if  the  steam  be  cut  off  at  half- 
stroke  there  will  only  be  half  the  quantity  of  steam 
used,  but  there  will  be  more  than  half  the  power  ex- 
erted, because  the  steam  in  expanding  does  some  work, 
and  that  is  a  clear  gain. 

Ques»  What  mil  be  the  pressure  at  the  end  of  the 
stroke  ? 

Ans.  If  cut  off  at  half-stroke  it  will  be  one-half 
the  initial  pressure,  whatever  that  may  be;  if  at 
one-third  the  stroke  it  will  be  one-third;  if  at  one- 
fourth  it  will  be  one-fourth,  and  so  on.  According 
to  the  well-known  law  of  pneumatics,  the  pressure 
of  elastic  fluids  varies  as  the  space  into  which  they 
are  expanded  or  compressed.  Thus  if  a  cubic  foot 
of  steam,  at  ten  pounds  pressure,  be  compressed 
into  one-half  a  cubic  foot,  the  pressure  will  be 
twenty  pounds;  but  if  expanded  into  two  cubic 
feet  it  will  be  only  five  pounds,  provided  the 
temperature  remains  unaltered.  In  estimating  the 
pressure  in  a  condensing  engine,  the  atmospheric 
pressure  must  be  included.  Thus,  if  the  steam- 
gauge  shows   20   pounds,  and   the  vacuum   gauge 
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shows  28  inches  (2  inches  equal  one  pound  pressDPe), 
tlie  initial  pressure  will  be  20  +  14=34  pounds  per 
square  inch. 

Ques.  Then  I  understand  that  by  working  the  deam 
expansively,  the  power  of  the  steam  is  increased,  but  Ihe 
power  oj  the  engine  diminished  f 

Ans.  That  is  the  idea  exactly.  It  will  require  a 
larger  engine  to  do  the  work,  hut  it  will  do  it  with  a- 
less  amount  of  steam. 

Ques,  Will  you  give  me  a  rule  by  which  lean  find 
at,  one  operalion  tlie  amount  of  gain  derived  Jrom 
expansion? 

Ans.  Divide  the  distance  through  which  the  steam 
expands  by  the  distance  the  piston  travels  before  the 
steam  is  cut  off  (which  last  call  I);  the  hyperbolic 
logarithm  of  the  quotient  is  the  increase  due  to  ex- 
pansion. According  to  this  rule  it  will  lie  seen,  that 
if  a  given  quantity  of  steam  (the  power  of  which 
working  at  full  pressure  is  represented  as  I)  when  cut 
off  a  half  stroke  {i.  e.,  expanded  twice)  the  efficiency 
is  rai.sed  by  expansion  1.69+  ;  at  one-fourth  stroke 
to  2,39+.     See  table  of  hyperbolic  logarithms  in  the 

>|>endix. 

Ques.  Is  this  amount  of  gain  realized  in  pj-aettee  ? 

Ans.  Well,  hardly  ever.  The  above  is  the  gain 
theory  alone;   but  in  actnnl  practice,  unless  the 

linder  is  provided  with  a  steam-jacket  to  keep  it 

t,  or  well  felted  and  lagged,  there  is  little  or  no 

in.     In  some  cases  it  has  been  found  by  experiment 

it  less  benefit  was  obtained  by  using  tlie  cut-off 

in  when  following  full  stroke. 
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Qu€s.   WUl  you  explain  this  matter  by  means  of  a 
diagram,  so  thai  I  may  thoroughly  undereland  it  ? 

Ans.  Let  the  diameter  of  the  cylinder  io  the  fbl- 
lowiDg  figure  be,  say  10 
inches  for  the  sake  of  sim- 
plicity, and  length  of  stroke 
20  inches,  FresHure  equal 
10  pounds.  We  will  di- 
vide the  diameter  into  10 
equal  parts,  and  the  stroke 
into  20  equal  parts.  Steam 
enters  the  cylinder,  and  fol- 
lows at  full  pressure  (which 
call  I)  until  the  piston 
reaches  C,  C,  when  the 
valve  closes  and  cats  off  the 
steam.  The  steam,  shut  up 
in  the  cylinder,  then  ex- 
pands, and  drives  with  a 
constantly  diminishing  pres- 
sure to  the  end  of  the  stroke 
E,  E.  Now,  looking  at  the 
figure,  you  will  see  that  at 
half  stroke  { 10  inches )  the 
pressure  has  fallen  to  .500,  Fig-  2. 

or  one-half  { 6  pounds ),  and  at  the  end  of  the  stroke 
to  .250,  or  one-quarter  (2J  pounds).  The  sketch 
shows  the  pressure  at  Intermediate  ])oints.  Now,  if 
these  series  be  set  off  on  horizontal  lines,  they  will 
mark  out  a  hyperbolic  curve  (the  curved  line  CD), 


f 

'  XXXVl  INTRODUCTION. 

and  the  squares  below  C  C  show  the  gain  by  ex- 
pansion, while  the  blank  space  shows  the  loss  of 
power.  If  you  count  the  squares  above  C  C,  before 
the  steam  was  cut  off,  they  will  be  found  to  number 
50,  while  those  below  C  C,  after  the  steam-valves 
closed,  you  will  find  69+.  These  squares  represeut 
the  power  exerted  by  the  steam  before  and  after  ex- 
pansion, and  you  will  notice  that  while  it  took  a 
quarter  of  a  cylinder  full  of  steam  to  get  50  of  them, 
we  get  69+  without  expending  any  steam  at  all,  by 
merely  permitting  the  steam  to  expand  into  four 
times  its  original  volume.  As  before  stated,  this  is 
the  theoretical  gain,  and  only  approximately  true  when 
applied  to  steam-engines  in  actual  use,  but  which 
should,  nevertheless,  be  understood  by  practical  en- 
gineers, and  all  others  who  desire  to  get  above  the 
"rule  of  thumb." 

Ques.  What  is  meant  by  (he  centre  of  gravity  of  a 
body  ? 

u4?w?.  It  is  that  point  within  it,  in  which  the  whole 
weight  may  be  supposed  to  be  concentrated.  A  body 
hung  in  its  centre  of  gravity,  will  remain  at  rest  in 
any  position. 

Ques,   What  is  meant  by  the  centre  of  gyration  f 
Ans.  It  is  that  point  in  a  revolving  body  in  which 
the  whole  momentum  may  be  conceived   to  be  con- 
centrated. 

Ques.   What  is  meant  by  the  centre  of  oscillation  f 
Ans,  It  is  the  point  in  a  pendulum  or  other  swing- 
ing  body,  that  if  all  the  matter  of  the  body  were 
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collected  into  tliat  pointy  the  velofcify  of  its  vibration 
would  remain  unchanged. 

Ques.  What  dre  the  mechanical  powers  f 
Ana,  The  five  elementary  machines  known  as  the 
lever,  wheel  and  axle,  inclined  plane,  wedge,  and 
screw,  which  convert  a  small  force  acting  through  a 
great  space  into  a  great  force  acting  through  a  small 
space. 

Ques.  What  is  meant  by  mechanical  power  f 
Ans.  Any,  pressure  acting  through  a  certain  space 
with  a  certain  velocity  can  be  converted  into  a  greater 
pressure,  with  a  less  velocity,  through  a  smaller  space, 
and  the  quantity  of  mechanical  force  or  power  re- 
mains unchanged;  and  all  that  the  above  so-called 
mechanical  powers  are  used  for  is  to  effect  this  trans- 
formation. They  do  not  and  cannot  create  power  or 
force,  because  that  is  eternal,  and  can  neither  be  created 
nor  destroyed.  It  requires  just  the  same  amount  of 
force  to  lift  one  pound  through  lOU  feet  as  it  does  to 
lift  100  pounds  through  one  foot  in  the  same  time. 
Ques.  What  is  meant  by  friction  ? 
Ans.  It  is  the  resistance  experienced  when  one 
body  is  rubbed  upon  another  body,  and  is  supposed 
to  be  caused  by  the  interlocking  of  the  unseen  pro- 
minences which  exist  upon  all  bodies,  however  smooth 
they  may  seem  to  the  eye  or  touch.  Mr.  Joule  found 
by  experiment  that  so  much  power  is  expended  in 
heating  one  pound  of  water  one  degree  by  friction  as 
would  raise  a  pound  weight  772  feet  high,  and  this 
measure  of  power  is  consequently  termed  the  ^^me- 
chanical equivalent"  of  heat. 
4 
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Ques,  Doesfridion  increase  with  the  extent  of  the 
rithbing  surfaces  f 

Ans^  It  does  not,  so  long  as  there  is  no  heating  or 
cutting;  it  is  simply  in  proportion  to  the  pressure 
keeping  the  bodies  together ;  from  which  it  will  be 
seen  that  it  is  advantageous  to  have  the  bearings  of 
steam-engines  as  large  as  possible,  as  increased  surface 
does  not  increase  the  friction,  while  there  is  a  great 
increase  in  durability.  When  tlie  bearings  are  too 
small,  they  are  apt  to  heat  and  soon  wear  out. 

Ques.  Whai  anvmid  of  power  is  necessary  to  over- 
come ftnction  f 

Am,  That  depends  on  the  rubbing  surfaces.  Iron 
rnhbing  on  iron  is  estimated  at  ^  of  the  pressure: 
nnd  iron  on  brass  at  i^  on  surfaces  not  lubricated; 
l)ut  when  well  lubricated  with  good  lard  oil,  or  oil 
nnd  plumbago  ( like  Dixon's),  it  can  be  reduced  to 
^>5  or  even  less.  The  friction  of  smooth  rubbing 
substances  is  always  less  when  the  composition  of 
those  substances  is  diflFerent — like  iron  on  brass. 

Ques.   \Vliat  is  meunt  by  latent  heat  f 

Ans,  It  is  the  heat  existing  in  bodies  which  is  not 
discoverable  by  the  touch  or  thermometer,  but  which 
manifests  itself  by  producing  a  change  of  state. 

Ques,    What  is  meant  by  the  latent  heat  of  steam  f 

Ans,  The  heat  contained  in  vapor  above  that  nec- 
essary for  producing  the  temperature.  It  requires  as 
much  heat  to  raise  one  pound  of  boiling  water  (at 
212° )  into  steam  as  is  required  to  raise  5J  pounds  of 
water  from  the  freezing  point  (32°)  to  the  boiling 
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point  (212°).  In  steam  at  212°  there  are  212°  of 
sensible  heat,  and  about  1000°  of  latent  heat — the 
Bum  of  sensible  and  latent  heats  being  abovt  1212° 
for  all  pressures,  for  as  one  increases  the  other  de- 
creases. 

Ques.  What  is  meant  by  spedjic  heat  f 
Ana.  The  relative  quantities  of  heat  in  bodies  at 
the  same  temperature,  just  as  by  specific  gravity  is 
meant  the  relative  quantities  of  matter  in  bodies  of 
the  same  bulk.  Equal  weights  of  quicksilver  and 
water  at  the  same  temperature  do  not  contain  the 
same  quantities  of  heat,  any  more  than  equal  bulks 
of  them  contain  the  same  quantities  of  matter. 


CHAPTER    I. 

STANDABD  AMERICAN   STATIONARY  ENGINES. 

The  high-pressure  or  non-condensing  engine  was 
invented  and  first  introduced  by  Oliver  Evans,  an 
American.  This  truly  great  man — of  whose  name 
and  fame  every  American  should  be  proud — was  one 
of  the  most  ingenious  mechanics  that  this  country 
has  ever  produced.  He  was  born  in  the  little  village 
of  Newport,  Delaware,  in  1755  or  1756,  of  parents 
in  humble  circumstances.  He  was,  when  a  boy,  ap- 
prenticed to  a  wheelwright,  during  which  time  he 
exhibited  wonderful  mechanical  talent,  and  a  strong 
desire  to  obtain  knowledge.  Subsequently  meeting 
with  a  description  of  Newcomen's  atmospheric  engine, 
he  at  once  noticed  that  the  elastic  force  of  the  con- 
fined steam  was  not  there  utilized.  He  then  designed 
the  non-condensing  engine,  in  which  the  power  was 
derived  exclusively  from  the  tension  of  high-pressure 
steam. 

In  1786  he  applied  to  the  Pennsylvania  Legisla- 
ture for  a  patent  for  the  application  of  the  steam- 
engine  to  driving  mills,  but  was  refused  it.  About 
the  year  1800  he  commenced  the  construction  of  a 

6ieam  carriage   to   be  driven   by  a  non-condensing 

(41) 
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engine;  but  aftcrwarda  concluded  that  it  would  be 
better,  pecuniarily,  to  sdajit  his  engine,  whieh  was 
novel  in  form,  and  of  small  first  cost,  to  driving 
mills.  He  accordingly  changed  his  plans,  and  built 
an  engine  six  inchesdiameter  of  cylinder,  and  eighteen 
inches  stroke  of  piston,  which  he  applied  with  perfect 
success  in  driving  a  plaster  mill.  This  engine,  which 
he  called  the  "Columbian  Engine,"  was  of  a  peculiar 
form,  as  shown  in  Fig.  3. 


Fig.  3. — Evans'  Non-CunJensing  Engiue,  1800. 
The  l)eam  was  supported  at  one  end  by  a  rocking 
column,  and  at  the  other  it  was  attached  directly  to 
the  piston-rod,  while  the  crank  was  situated  beneath 
the  beam.  The  connecting-rod  was  attached  to  the 
extreme  end  of  the  beam.  Tiie  head  of  the  piston- 
rod  was  compelled  to  rise  and  fall  in  a  vertical  line, 
by  the  "Evaus  parallelogram" — a  kind  of  parallel 
motion  very  similar  to  that  designed  by  Watt.  In 
Fig.  3,  A  is  the  boiler;  B,  the  cylinder;  C,  the  con- 
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necting-rod;  D,  the  fly-wheel;  E,  steam-drmn;  F, 
feed-pump;  G,  safety-valve;  H,  grate  bars;  2  and  3^ 
glared  valve  motion ;  4,  steam-pipe;  5,  6  and  7,  feed- 
pipe; 8,  the  beam;  9,  smoke-pipe.  The  flames  from 
Oie  furnace  pass  under  the  boiler,  between  brick 
walls,  and  back  through  the  central  flue  to  the  chim- 
ney. Subsequently,  Evans  continued  to  extend  the 
application  of  his  engine,  and  perfect  it  in  detail. 
He  continued  to  build  engines  until  he  died — which 
sad  event  took  place  April  19,  1819 — applying  them 
with  success  to  steamboats  on  the  western  rivers,  to 
flour  mills,  saw-mills,  dredging  machines,  elevators; 
in  fact,  wherever  steam  power  could  be  applied.  He 
has  deservedly  been  called,  "The  Watt  of  America." 

After  Evans  had  passed  away,  other  builders  in 
different  parts  of  the  country  went  into  the  business, 
and  steam-engine  building  became  one  of  the  great 
industries  of  the  land.  These  engines  were  at  first 
rude  in  design,  badly  proportioned,  rough  and  inac- 
curate as  to  workmanship,  and  uneconomical  in  the 
consumption  of  fuel.  Gradually,  however,  they 
assumed  neater  and  stronger  shapes,  good  propor- 
tions, were  well  made,  and  of  good  material,  until  to- 
day the  American  stationary  engine  is  equal,  if  not 
superior,  to  any  made  in  Europe  or  elsewhere.  To 
prove  this  the  reader  has  but  to  examine  the  many 
splendid  examples  by  our  best  makers,  to  be  found  in 
this  book.  In  stationary  engines  the  United  States 
leads  the  world. 

Fig.  4  shows  the  style  of  engine  which  was  the 
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Etandanj  type  in  the  United  States  for  many  years, 
and  which  is  still  in  use  in  many  sections  of  the 
country.  It  is  still  the  standard  iu  locomotive  prac- 
tice, but  for  stationary  purposes  it  is  fast  giving  way 
to  tiie  Corliss,  Wheelock,  and  other  first-class  engines. 
We  will  now  proceed  to  describe  and  illustrate  the 
engines  designed  and  constructed   by  many  of  our 


Fig.  4. 

W— Valve;  W— Valre-?t*m ;  PP— 8t«aiD-porti ;  E— Eihaiut. 
Iifirts;  K— Stuffing-boiea  filled  with  pneking;  A -Piston -rod ; 
Kll— Pwloii-rings ;  F— Follower;  0— Gluiida, 

most  celebrated  builders,  with  the  object  of  making 
the  engineer  familiar  with  their  design,  construction, 
and  ojjenttion,  so  that  no  matter  which  one  or  kind 
he  may  Ih:  called  upon  to  take  charge  of,  he  will  find 
no  difiicnlty  iu  running  it  successfully,  to  the  credit 
of  himself  and  the  satisfaction  of  his  employers, 
C^e  of  the  neatest  and   best  modern  designs  of 
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stationary  engines  for  small  powers  is  seen  in  Fig.  5, 
which  represents  a  "vertical  direct-acting  engine," 
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with  base-plate,  a  form  which  is  a  favorite  with  many 
engineers. 

Tliis  type  of  engine  consists  of  two  principal  parts, 
the  cylinder  and  the  frame,  which  is  a  tapering 
column  having  openings  in  the  sides,  to  allow  free 
access  to  all  the  working  parts  within.  The  slides 
and  pillow-blocks  are  cast  with  the  column,  so  that 
they  cannot  become  loose  or  out  of  line;  the  rubbing 
surfaces  are  large  and  easily  lubricated.  Owing  to 
the  vertical  position,  there  is  no  tendency  to  side-wear 
of  cylinder  or  piston.  The  packing-rings  are  self- 
adjusting,  and  work  free  but  tight.  The  crank  is 
counter-balanced ;  the  crank-pin,  crosshead-pin,  pis- 
ton-rod, valve-stem,  etc.,  are  made  of  steel ;  all  the 
bearing  surfaces  are  made  extra  large,  and  are  ac- 
curately fitted;  and  the  best  quality  of  babbitt-metal 
only  used  for  the  journal-bearings.  The  smaller 
sizes  of  these  engines,  from  2  to  10-horse-power,  have 
both  pillow-blocks  cjist  in  the  frame,  giving  a  bearing 
each  side  of  the  double  cranks.  They  are  built  by 
some  constructors  in  quantities,  and  parts  duplicated 
by  special  machinery  (as  in  fire-arms  and  sewing- 
machines),  which  secures  great  accuracy  and  uniform- 
ity of  workmanship,  and  allows  of  any  part  being 
quickly  and  cheaply  replaced  when  worn  or  broken 
by  accident.  The  next  figure  (6)  is  a  vertical  section 
through  the  same  engine. 

Engines  fitted  with  ordinary  rigid  bearings  require 
to  be  erected  on  firm  foundations,  and  to  be  kept  in 
perfect  line.     If,  by  the  settling  of  the  foundation  or 
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from  any  other  cause,  they  get  out  of  line,  heating, 
cutting,  and  thumpiog  result.  To  obviate  this, 
modern  engines  are  often  fitted  with  self-adjusting 
bearings   throughout;    this   gives   the  engine  great 


Fig.  6. 
flexibility  and  freedom  from  friction.     Tlie  accom- 
|)anying  cut  shows  clearly  how  this  is  accomplished. 

The  pillow-block  has  a  spherical  shell  turned  and 
fitted  into  the  spherically-bored  pillow-block,  thua 
allowing  a  slight  angular  motion  in  any  direction. 
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The  connecting-rod  is  forged  in  a  single  piece,  with- 
out straps,  gil>s,  or  key,  and  is  mortised  through  at 
each  end  for  the  reception  of  the  brass  boxes,  which 
are  curved  on  their  backs,  and  fit  the  cheek  pieces, 
l>etween  which  they  can  turn  to  adjust  themselves  to 
the  pins,  in  the  plane  of  the  axis  of  the  rod.  The 
adjustment  for  wear  is  made  by  wedge-blocks  and 
Bet-screws,  as  shown ;  and  they  are  so  constructed  that 
the  parts  cannot  get  loose  and  cause  a  break-down. 
The  cross-head  has  adjustable  gibs  on  each  side, 
turned  to  fit  the  slides,  which  are  cast  solidly  in  the 
frame,  and  bored  out  exactly  in  the  line  with  the 
cylinder.  This  permits  it  freely  to  turn  on  its  axis, 
and,  in  connection  with  the  adjustable  boxes  in  the 
connecting-rod,  allows  a  perfect  self-adjustment  to  the 
line  of  the  crank-pins.  The  out-lx)ard  bearing  may 
be  moved  an  inch  or  more  out  of  position  in  any 
direction,  without  detriment  to  the  running  of  the 
engine,  all  bearings  accommodating  themselves  per- 
fectly to  whatever  position  the  shaft  may  assume. 

The  ports  and  valve  passages  are  proportioned  as 
in  locomotive  practice.  The  valve-seat  is  adapted  to 
the  ordinary  plain  slide  or  D-valve,  should  it  be  pre- 
ferred; but  the  balanced  piston  slide  valve  works 
with  equal  ease,  whether  the  steam-pressure  is  10  or 
100  pounds;  and  at  the  same  time  gives  double  steam 
and  exhaust  openings,  which  greatly  facilitates  the 
entrance  of  the  steam  to,  and  its  escape  from,  the 
cylinders,  thus  securing  a  nearer  approach  to  boiler- 
pressure,  and  a  less  back-pressure,  saving  the  power 
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required  to  work  an  ordinary  valve,  and  reducing 
the  wear  of  valve-gear.  This  is  a  type  of  engine 
frequently  seen  in  the  United  States.  The  vertical 
direct-acting  engine  is  sometimes,  though  rarely, 
built  of  very  considerable  size,  and  these  large 
engines  are  more  frequently  seen  in  rolling-mills  than 
elsewhere.  Where  much  power  is  required,  the 
stationary  engine  is  usually  a  horizontal  direct-acting 
engine,  having  a  more  or  less  effective  cut-off  valve 
gear,  according  to  the  size  of  engine  and  the  cost  of 
fuel.  A  good  example  of  the  simpler  forms  of  this 
kind  of  engine  is  the  small  horizontal  slide-valve 
engine,  with  independent  cut-off  valve  riding  on  the 
back  of  the  main  valve — a  combination  generally 
known  among  engineers  as  the  Meyer  system  of 
valve-gear.  This  form  of  steam-engine  is  a  very 
effective  machine,  and  does  excellent  work  when 
pro{)erly  proportioned  to  yield  the  required  amount 
of  jx)wer.  It  is  well  adapted  to  an  exj)ansion  of  from 
four  to  five  times.  Its  disadvantages  are,  the  diffi- 
culty which  it  presents  in  the  attachment  of  the 
regulator,  to  determine  the  point  of  cut-off  by  the 
heavy  work  which  it  throws  upon  the  governor  when 
attached,  and  the  rather  inflexible  character  of  the 
device  as  an  expansive  valve-gear. 

The  best  examples  of  this  class  of  engine  have 
neat,  heavy  bed-plates,  well-designed  cylinders  and 
details,  smooth-working  valve-gear,  the  expansion- 
valve  adjusted  by  a  right  and  left-handed  screw,  and 
regulation  secured  by  the  attachment  of  the  governor 
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to  the  throttle- valve.  In  American  engines  usually, 
two  supports  are  placed — the  one  under  the  shaft  and 
the  other  under  the  cylinder — to,  take  the  weight  of 
the  engine;  and  through  them  it  is  secui-ed  to  the 
foundation.  As  in  the  vertical  engine  already  de- 
scribed, a  valve  is  sometimes  used,  consisting  of  two 
pistons  connected  by  a  rod,  and  worked  by  an  ordi- 
nary eccentric.  By  a  simple  arrangement,  these 
pistons  have  always  the  same  pressure  inside  and  out, 
which  prevents  any  leakage  or  blowing  through ;  and 
they  are  said  always  to  work  equally  as  well  and  free 
from  friction  under  150  pounds  pressure  as  under  10 
pounds  per  square  inch,  and  require  rio  adjustment. 
It  is  more  usual,  however,  to  adopt  tlie  three-porte<l 
valve — ^slide-valve  such  as  used  on  locomotives — 
with  frequently  a  cut-oflP  valve  on  the  back  of  this 
main  valve,  which  cut-off  valve  is  adjusted  either  by 
hand  6r  by  the  governor.  Engines  of  the  class  just 
described  are  especially  well  fitted,  by  their  sim- 
plicity, compactness,  and  solidity,  to  work  at  the  high 
piston  speeds  which  are  gradually  becoming  generally 
adopted  in  the  effort  to  obtain  increased  economy  of 
fuel,  by  the  reduction  of  the  immense  losses  of  heat 
which  occur  in  the  expansion  of  steam  in  the  metallic 
cylinders  through  which  we  are  now  compelled  to 
work  it.  One  of  the  best  known  of  recent  engines 
is  the  Allen  engine,  a  steam-engine  having  the  same 
general  arrangement  of  parts  as  seen  in  nearly  all 
the  horizontal  engines,  but  fitted  with  a  peculiar 
valve-gear,  and  having  proportions  of  parts  which 
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arc  especially  cahiulated  to  secure  smoothness  of 
iiiotion  and  uniformity  of  pressure  on  the  crank-pin 
and  journals,  at  speeds  so  high  that  the  inertia  of  the 
reciprocating  parts  becomes  a  seriously-important 
element  in  the  calculation  of  the  distribution  of 
stresses  and  their  effect  on  the  dynamics  of  the 
machine.  In  the  Allen  engine,  the  cylinder  and 
frame  are  connected  as  in  the  engine  seen  in  Figs.  7 
and  8.  The  valve-gear  differs  in  having  four  valves, 
one  at  each  end  on  the  steam  as  well  as  on  the  ex- 
haust side,  all  of  which  are  balanced,  and  work  with 
very  little  resistance.  The  valves  are  not  detachable, 
but  are  driven  by  a  link  attached  to  and  moved  by 
an  eccentric  on  the  main  shaft.  The  position  of  the 
valve-rod  attachment  to  the  link  is  determine<l  by 
the  govenior,  and  the  degree  of  expansion  is  thus 
adjusted  to  the  work  of  the  engine.  The  engine  has 
usually  a  short  stroke,  not  exceeding  twice  the  diam- 
eter of  the  cylinder,  and  is  driven  at  a  very  high 
speed,  generally  averaging  from  600  to  800  feet, 
piston  speed,  per  minute.  This  high  piston-speed 
and  sliort  stroke  give  very  great  velocity  of  rotation. 
The  effect  is,  therefore,  to  produce  an  exceptional 
smoothness  of  motion,  while  permitting  the  use  of 
small  fly-wheels.  Its  short  stroke  enables  entire 
solidity  to  be  attained  in  a  bed  of  rigid  form,  making 
it  a  very  completely  self-contained  engine,  adapted 
to  the  heaviest  work,  and  requiring  only  a  small 
foundation.  The  journals  of  the  shaft,  and  all 
cylindrical  wearing  surfaces,  are  finished  by  grinding 


52         PRACTICAL  STEAM   ENGINEER'S   GUIDE. 

in  a  manner  that  leaves  them  perfectly  round.  The 
crank-pin  and  cross-head  pin  are  hardened  before 
being  ground.  The  joints  of  the  valve-gear  consist 
of  pins  turning  in  solid  ferrules  in  the  rod-ends,  both 
hardened  and  ground.  After  years  of  constant  use 
thus,  no  wear  occasioning  lost  time  in  the  valve- 
movement  has  been  detected.  High  speed  and  short 
stroke  are  essential  elements  of  economy. 

It  is  now  well  understood  that  all  the  surfaces  with 
which  the  steam  comes  in  contact  condense  it.  Ob- 
viously, one  way  to  diminish  this  loss  is  to  reduce 
the  extent  of  surface  to  which  steam  is  exposed.  In 
engines  of  high  speed  and  short  stroke,  the  surfaces 
with  which  the  steam  comes  in  contact,  while  doing 
a  given  amount  of  work,  present  less  area  than  in 
ordinary  engines  running  at  slow  speed.  Where 
great  steadiness  of  motion  is  desired,  the  expense  of 
coupled  engines  is  often  incurred.  Quick-running 
engines  do  not  require  to  be  coupled.  A  single 
engine  may  give  greater  uniformity  of  motion  than 
is  usually  obtained  with  coupled  engines  at  ordinary 
speeds.  The  ports  and  valve-movements,  the  weight 
of  the  reciprocating  pnrts,  and  the  size  and  weight 
of  the  fly-wheels,  should  l)e  calculated  expressly  for 
the  speeds  chosen.  The  econon)y  of  the  engine  here 
described  is  unexcelled  by  the  best  of  the  more 
familiar  drop  cut-off  engines. 

An  engine  reported  upon  by  a  committee  of  the 
American  Institute,  of  which  Dr.  Barnard  was 
chairman,  was  non-condensing,  16  inches  in  diameter 
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of  cylinder,  30  inches  stroke,  making  125  revolutions 
per  minute,  and  developed  over  126  horse-power  with 
75  pounds  of  steam  in  the  boiler,  using  25|  pounds 
of  steam  per  indicated  horse-power,  and  2.87  pounds 
of  coal — an  extraordinarily  good  performance  for  an 
engine  of  such  small  power.  The  governor  used  on 
this  engine-is  known  as  the  Porter  governor.  It  is 
given  great  power  and  delicacy  by  weighting  it  down, 
and  thus  obtaining  a  high  velocity  of  rotation,  and 
by  suspending  the  balls  from  forked  arms,  which  are 
given  each  two  bearing-pins  separated  laterally  so  far 
as  to  permit  considerable  force  to  be  exerted  in 
changing  speeds  without  cramping  those  bearings 
sufficiently  to  seriously  impair  the  sensitiveness  of 
the  governor.  (Figs.  7  and  8  show  one  of  these 
engines,  as  built  by  "The  Hewes  &  Phillips  Iron 
Works,"  Newark,  N.  J.)  This  engine  as  a  whole 
may  be  regarded  as  a  first-class  representative  of  the 
high-speed  engine  of  to-day. 

Since  this  change  in  the  direction  of  high  speeds 
has  already  gone  so  far  that  the  "drop  cut-off"  is 
sometimes  inapplicable,  in  consequence  of  the  fact 
that  the  piston  would,  were  such  a  valve-gear 
adopted,  reach  the  end  of  its  stroke  before  the  de- 
tached valve  could  reach  its  seat;  and  since  this 
progress  is  only  limited  by  our  attainments  in 
mechanical  skill  and  accuracy,  it  seems  probable  that 
the  "positive-motion  expansion-gear"  type  of  engine 
^ill  ultimately  supersede  the  now  standard  "drop 
cut-off  engine."     The  best  known  and  most  generally 
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used  class  of  stationary  engines  at  the  present  time 
is,  however,  that  which  has  the  so-called  "drop  cut- 
off," or  "detachable  valve-gear."  The  oldest  and 
best  known  form  of  valve-motion  of  this  description 
now  in  use  is  that  known  as  the  "Sickels  cut-off," 
patented  by  Frederick  E.  Sickels,  an  American 
mechanic,  about  the  year  1841,  and  also  built  by 
Hogg,  of  New  York,  who  placed  it  upon  the  engine 
of  the  steamer  South  America.  The  invention  is 
claimed  for  l)oth  Hogg  and  Sickels.  It  was  intro- 
duced by  the  inventor  in  a  form  which  especially 
adapted  it  to  use  with  the  beam  engine  used  on  the 
eastern  waters  of  the  United  States,  and  was  adapted 
to  stationary  engines  by  Messrs.  Thurston,  Greene  & 
Co.,  of  Providence,  R.  I.,  who  made  use  of  it  for 
some  years  before  any  other  form  of  "drop  cut-off" 
came  iiito  general  use.  The  Sickels  cut-off  consisted 
of  a  set  of  steam-valves,  usually  independent  of  the 
exhaust-valves,  and  each  raised  by  a  catch,  which 
would  be  throwa:out  at  the  proper  moment  by  a 
wedge  with  which  it  rame  in  contact  as  it  rose  with 
the  opening  valve.  This  wedge,  or  other  equivalent 
device,  was  so  adjusted  that  the  valve  should  be 
detached  and  fall  to  its  seat  when  the  piston  reached 
that  point  in  its  movement,  after  taking  steam,  at 
which  expansion  was  to  commence.  From  this  point, 
no  steam  entering  the  cylinder,  the  piston  was  im> 
pelled  by  the  expanding  vapor.  The  valve  was 
usually  the  double-poppet.  Sickels  subsequently  in- 
vented what  was  called  the  "beam-motion,"  to  detach 


STANDARD  AMERICAN   STATIONARY   ENGINES.   55 

the  valve  at  any  point  in  the  stroke.  As  at  first 
arranged,  the  valve  could  only  be  detached  during 
the  earlier  half-stroke,  since  at  mid -stroke  the  direc- 
tion of  motion  of  the  eccentric  rod  was  reversed, 
and  the  valve  began  to  descend.  By  introducing  a 
"wiper"  having  a  motion  transverse  to  that  of  the 
valve  and  its  catch,  and  by  giving  this  wijier  a 
motion  coincident  with  that  of  the  piston;  by  con^ 
necting  it  with  the  beam  or  other  part  of  the  engine 
moving  with  the  piston,  he  obtained  a  kinematic 
combination  which  permitted  the  valve  to  be  de- 
tached at  any  point  in  the  stroke,  adding  a  very 
simple  contrivance  which  enabled  the  attendant  to 
set  the  wi|)er  so  that  it  should  strike  the  catch  at  any 
time  during  the  forward  movement  of  the  "beam- 
motion." 

On  stationary  engines,  the  point  of  cut-off  was 
afterwards  determined  by  the  governor,  which  was 
made  to  operate  the  detaching  mechanism,  the  com- 
bination forming  what  is  sometimes  called  an  "auto- 
matic cut-off."  The  attachment  of  the  governor  so 
as  to  determine  the  degree  of  expansion  had  been 
proposed  before  Sickels'  time.  One  of  the  earliest 
of  these  contrivances  was  that  of  Zachariah  Allen,  in 
1834,  using  a  cut-off  valve  independent  of  the  steam- 
valve.  The  first  to  so  attach  the  governor  to  a  drop 
cut-off  valve-motion,  was  George  H.  Corliss,  who 
made  it  a  feature  of  the  Corliss  valve-gear  in  1849. 
In  the  year  1855,  N.  T.  Greene  introduced  a  form 
of  expansion-gear,  in  which  he  combined  the  Sickels 


56  PRACTICAL  STEAM   ENGINEER'S   G0IDE. 

l>eam-raotion  device  withjjj^he  expansion-adjustment 
gained  by  the  attachment  of  the  governor,  and  with 
the  advantage  of  flat  slide-valves  at  all  ports,  both 
steam  and  exhaust.  Many  other  ingenious  forms  of 
expansion  valve-gear  have  been  invented,  and  several 
liave  been  introduced,  which,  properly  designed  and 
proportioned  to  well-planned  engines,  and  with  good 
construction  and  management,  should  give  economi- 
cal results,  little,  if  at  all,  inferior  to  those  just 
named.  Among  the  most  ingenious  of  these  later 
devices  is  that  by  Babcock  and  Wilcox,  in  which  a 
very  small  auxiliary  steam -cylinder  and  piston  is 
employed  to  throw  the  cut-off  valve  over  its  port  at 
the  instant  at  which  the  steam  is  to  be  cut  off.  A 
very  beautiful  form  of  isochronous  governor  is  used 
on  this  design,  to  regulate  the  speed  of  the  engine  by 
determining  the  point  of  cut-off. 

In  Wright's  engine,  the  expansion  is  acljusted  by 
the  movement  of  the  regulator  cams  wLich  operate 
the  steam-valves,  so  that  they  shall  hold  the  valve 
open  a  longer  or  shorter  time,  as  required. 

Since  compactness  and  lightness  are  not  as  essen- 
tial as  in  portable,  locomotive  and  marine  engines, 
the  parts  are  arranged  in  stationary  engines  with  a 
view  simply  to  securing  efficiency,  and  the  design  is 
determined  by  circumstances.  It  was  formerly  usual 
to  adopt  the  condensing  engine  in  mills,  and  wherever 
a  stationary  engine  was  required.  In  Europe  gener- 
ally, and  to  some  extent  in  the  United  States,  where 
a  supply  of  condensing  water  is  obtainable,  condens- 
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ing  engines  and  moderate  steam  pressures  are  still 
employed.  But  this  type  of  engine  is  gradually  be- 
coming superseded  by  the  high  pressure  non-con- 
densing engine,  with  considerable  expansion,  and 
with  an  expansion-gear  in  which  the  point  of  cut- 
off is  determined  by  the  governor.  The  best  known 
engine  of  this  class  is  the  Corliss,  which  is  very  ex- 
tensively used  in  the  United  States,  and  which  has 
been  copied  very  generally  by  European  builders. 
Figs.  9  and  10  represent  a  Corliss  Engine,  as  built 
by  Watts,  Campbell  &  Co.,  Newark,  N.  J. 

The  horizontal  steam -cylinder  is  bolted  firmly  to 
the  end  of  the  frame,  which  is  so  formed  as  to  trans- 
mit the  strain  to  the  main  journal  with  the  greatest 
directness.  The  frame  carries  the  guides  for  the 
cross  head,  which  are  both  in  the  same  vertical  plane. 
The  valves  are  four  in  number,  a  steam  and  exhaust 
valve  being  placed  at  each  end  of  the  steam  cylinder. 
Short  steam  passages  are  thus  secured,  and  this  di- 
minution of  clearance  is  a  source  of  some  economy. 

Both  sets  of  valves  are  driven  by  an  eccentric 
operating  a  disk  or  wrist-plate,  E  (Fig.  11),  which 
vibrates  on  a  pin  projecting  from  the  cylinder. 
Short  rods  reaching  from  this  wrist-plate  to  the  sev- 
eral valves,  DD,  FF,  move  them  with  a  peculiarly 
varying  motion,  oi)ening  and  closing  them  rapidly, 
and  moving  them  quite  slowly  when  the  port  is 
either  nearly  open  or  almost  closed.  This  effect  is 
ingeniously  secured  by  so  placing  the  pins  on  the 
wrist-plate  that  their  line  of  motion  becomes  nearly 
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transverse  to  the  direction  of  the  valve-litil(s  when 
the  limit  of  movement  is  a])proached.  The  rods  con- 
necting the  wrist-plate  with  the  arms  moving  the 
steam-valves,  have  catches  at  their  extremities,  which 
are  discng£4;ed  by  coming  in  contact,  as  the  arm 
swings  around  with  tlie  valve-steni,  witli  a  cam  ad- 
justed by  the  governor.     Tliis   adjustment   permits 


Fig.  11.— Corliss  ELifiiie  Vatvu-Motioii. 

the  steam  to  follow,  tiic  piston  farther  when  the 
engine  is  canse<l  to  "  slow  down,"  and  tims  tends  to 
restore  the  pi'oper  sj>eed.  It  disengages  the  steam- 
valve  earlier,  iiiid  cxjmmls  the  sloam  to  a  greater  ex- 
tent, when  the  engine  liegiiis  to  run  above  the  projier 
s|ieed.  When  the  eateh  is  thrown  out,  the  valve  is 
closed  by  a  weight  or  strong  spring.  To  (ji-event  jar 
when  the  motion  of  the  valve  is  checked,  a  "dash- 
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pot"  is  used,  invented  originally  by  F.  E.  Sick  els. 
This  is  a  vessel  Iiaving  a  nicely-fitted  piston,  which 
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is  roceivetl  by  a  "cusluon"  of  water  or  air  when  tlie 
piutou  suddenly  enters  the  cylinder  at  the  end  of  the 
valve- movement.  In  the  original  water  dash-pot  of 
Sickels  the  cylinder  is  vertical,  and  the  plunger  or 
piston  descends  upon  a  small  body  of  water  confined 
in  the  base  of  the  dash-pot.  Corliss'  air  dash-pot  is 
iiow  often  set  horizxni tally. 

Fig.  12  shows  a  sectional  view  of  cylinder,  pis- 
ton and  valves,  so  plainly  that  no  further  descrip- 
tion is  required.  The  piston  is  moving  to  the  left 
— the  steara-valve  A,  and  the  exhaust- valve  C,  Iwth 
wide  open,  though  the  stroke  has  scarcely  com- 
menced, giving  a  full  pressure  of  steum  and  a  free 
exhaust. 

The   Greene   Engine. 

In  the  Greene  steam-engine  (Fig.  13)  the  valves 
are  four  in  numt)er,  as  in  the  Corliss.     The  cut-off 
gear  consists  of  a  bar,  A,  moved  by  the  steam-eccen- 
tric in  a  direction  parallel  with  the  centre-line  of  the 
cylinder,  and  nearly  coincident  as  to  time  with  the 
piston.     On  this  bar  are  tappets,  CO,  supported  by 
Mprings  and  adjustable  in  height  by  tlie  governor,  G. 
These  tappets  engage  the  arras,  BB,  on  the  ends  of 
rock-shafts,  EE,  which  move  the  steam-valves,  and 
remain  in  contact  with  them  a  longer  or  shorter  time, 
and  holding  the  valve  open  during  a  greater  or  less 
.,~„.  ^r  *K^  ""^on -stroke,  as  the  governor  permits  the 
with   diminishing  engine-speed,  or 
t'n  as  speed  increases.     The  exhaust- 
ed by  an  iodependeut  eccentric-rod. 
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wliich  is  itself  moved  liy  an  eccentric  set,  as  is  usual 
with  the  Corliss  and  witli  otiier  engiues  generally,  at 
right  angles  with  the  crank.     This  engine,  in  oou- 


Fig.  13.— The  Greene  Eugine. 

sequence  of  the  independence  of  tlie  steam-ccecntrio, 
and  of  the  contemiiorary  movement  of  steani-valvc 
motion  and  steam -piston,  is  capable  of  cutting  off  at 
any  point  from  beginning  t^  nearly  the  end  of  the 
stroke.  The  usual  arrangement  by  which  steam  and 
exhaust  valves  are  moved  by  the  same  eccentric,  only 
permits  expansion  with  the  range  fi'om  the  beginning 
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to  half-stroke.  In  the  Corliss  engine  the  latter  con- 
struction is  retained,  with  the  object,  in  part,  of 
securing  a  means  of  closing  the  valve  by  a  "  positive 
motion,"  should,  by  any  accident,  the  closing  not 
be  effected  by  the  weight  or  spring  usually  relied 
upon. 

The  characteristics  of  the  American  stationary 
engine,  therefore,  are  high  steam-pressure  without 
condensation,  an  expansion  valve-gear  with  drop  cut- 
oflF adjustable  by  the  governor,  high  piston-speed,  and 
lightness  combined  with  strength  of  construction. 
The  pressure  most  commonly  adopted  in  the  boilers 
which  furnish  steam  to  this  type  of  engine  is  from 
75  to  80  pounds  per  square  inch ;  but  a  pressure  of 
100  pounds  is  not  unfrequently  carried. 

Woodbury,  Booth  &  Pryor's  Automatic  Cut-off  Engine. 

Figs.  14  and  15  represent  the  Woo<lbury,  Booth  & 
Pryor  Automatic  Cut-off  Engine.  As  will  be  ob- 
served, the  bed  plate  is  of  the  girder  frame  pattern,  a 
design  which  has  for  several  years  become  a  favorite 
with  engineers,  both  in  this  country  and  Europe. 
This  perhaps  arises  from  the  fact  that  it  affords  the 
best  disposition  that  can  be  made  of  the  material  to 
insure  sufficient  strength  and  rigidity,  without  extra 
weight  of  metal,  as  the  center  frame  coincides  with 
the  plane  of  the  line  of  strain,  and  with  the  center 
line  of  the  engine.  Besides,  the  strains  induced  by 
expansion  and  contraction  can  be  more  easily  neutral- 
ized in  this  than  in  any  other  form.     The  frame  is 
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faced  up  at  one  end  to  receive  the  cylinder^  the  other 
end  containing  the  back  leg  and  pillow-block  bearing. 
The  cylinder,  which  is  cast  separate,  forras  a  butt 
joint  with  the  housing,  and  rests  firmly  on  a  hand- 
somely designed  hollow  pedestal. 

The  admission  and  escape  of  the  steam  is  accom- 
plished by  a  double  slide  valve  (Fig.  16),  while  the 
cut-off  is  effectefl  by  a  semi-rotary  valve  (Fig.  17), 
located  on  the  back  of  the  steam-chest,  directly  over 
the  main  steam-valve;  the  cylinder  in  which  it 
works  being  cast  with  the  main  valve.  It  will  be 
noticed  that  it  has  diagonal  admission  edges,  with 
ports  to  correspond,  so  that  by  revolving  it  in  its  seat, 
it  is  made  to  cut  off  sooner  or  later,  the  range  being 
from  zero  or  nothing  to  |  stroke,  according  to  cir- 
cumstances. The  steam-valve  receives  its  motion  in 
the  ordinary  way,  from  an  eccentric  on  the  main 
shaft,  and  the  cut-off  by  an  independent  eccentric,  on 
the  rod  of  which  is  a  ball-and-socket  joint,  which 
allows  the  valve  to  rotate  more  or- less,  according  to 
the  requirements  of  load  and  pressure.  The  rotation, 
which  never  exceeds  one-quarter  of  a  revolution  of 
the  valve,  is  effected  by  a  pinion  on  the  eo(;entric  rod, 
which  gives  motion  to  the  cut-off,  and  into  which  a 
rack  on  the  end  of  the  governor  spindle  works,  which 
placies  the  cut-off  completely  under  the  control  of  the 
governor.  It  would  be  difficult  to  devise  any  me- 
chanical arrangement  more  simple  and  effective 
than  the  cut-off  of  these  engines;  l)esides  as  the 
cut-off  valve  is  balanced,  and  has  a  long  bearing, 
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there   is   no   liability  of   its  wearing,  or    becoming 
lealiy. 

The  governor,  which  \a  of  the  fly-ball  or  centri- 
fugal pattern,  though  of  peculiar  design,  is  admirably 
adapted  to  control  the  s))eed  of  these  engines,  as  it  is 
very  powerful  and  sensitive,  and  liolds  the  cnt-ofiT 
vaUe  under  complete  control,  under  all  circum- 
stimocs.  Thearmsof  the  governor  have  their  fulcrum 
in  an  ornameulal  ring,  resting  on  four  brackets,  at. 
tiichcd  to  the  vertical  column,  and,  as  the  tilts  of  tlic 
arms  extend  across  the  center,  and  have  their  points 
of  susjtcnsion  on  the  side  opposite  to  that  of  the  balls, 
tliey  acquire  an  extensive  range  of  movement,  with  a 
small  variation  of  speed.  The  governor  is  also  pro- 
vided with  a  dash-pot,  on  the  lower  end  of  the 
spindle,  which  insures  a  smooth,  noiseless  and 
uniform  movement,  Itoth  in  raising  and  lowering.  A 
very  im|)ortant  and  agreeable  feature  of  these  engines 
is  the  absence  of  all  complications  in  the  valves 
nd  valve-g<nr;  there  being  only  two  valves,  each 
oitsl^ting  of  but  one  piece,  and  all  the  connections 
nd  arrangements  for  adjustment  being  easy  of  access. 
Ciicli  engine  is  provided  with  a  slandani  gauge,  by 
rliich  the  valves  may  at  any  time,  in  case  of  wear, 
le  adjusted  to  their  original  jHtsition,  and  rendered 
lerfectly  steam-tight,  by  any  i>erson  of  ordinary  in- 
elligenoe,  which  obviates  a  difficulty  often  expe- 
icuccd  in  adjusting  the  valves  of  some  other  steam- 
ngiiies.  Besides,  as  the  cul-off  valve  and  valve-seat 
re  cylindrical  in  form,  they  can  be  rc|uired  or  re- 
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newed  at  a  very  trifling  cost,  or  without,  the  use  of  any 
special  tools. 

Some  of  the  advantages  of  the  Woodbury,  Booth 
&  Pryor  engines  are,  that  they  are  handsome  in 
design  and  convenient  and  simple  in  arrangement; 
that  the  ports  are  located  sufficiently  low  in  the  walls 
of  the  cylinder  to  secure  ])erfect  drainage,  and  obviate 
the  liability  of  the  cylinder  or  piston  to  become 
fractured  by  an  accumulation  of  the  water  of  con- 
densation ;  that  drip  cocks  may  be  dispensed  with 
altogether ;  that  the  pistons  have  the  most  approved 
and  convenient  metallic  spring  packing;  that  the 
cylinders  are  handsomely  jacketted,  which  adds  to 
their  economy  by  preventing  radiation  and  con- 
densation; that  the  cross  head  is  provided  with  con- 
venient arrangements  for  easy  and  accurate  adjust- 
ment; that  the  cranks  are  accurately  counterbalanced, 
which  is  a  consideration  of  great  importance,  especially 
in  engines  traveling  at  a  high  rate  of  piston  speed; 
that  the  crank  pins  have  a  hollow  cellar,  or  receptacle 
in  the  center,  for  the  purpose  of  containing  the  lubri- 
cating material  which  prevents  the  possibility  of 
heating ;  that  the  bottom  flange  of  the  bed  plate  or 
housing  is  so  designed  as  to  form  a  trough,  which 
extends  from  the  cvlinder  head  to  the  outer  end  of 
the  pillow  block,  for  the  purpose  of  catching  the 
drips  from  the  cross  head,  crank,  and  eccentrics, 
(those  from  the  governor  and  valve  spindles  being 
conducted  into  the  dash-pots);  that  the  valve  and 
piston  rods,  wrists,  crank  pins,  and  crank  shafts,  are 
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made  of  steel,  thus  diminishing  the  liability  to  wear, 
and  likewise  the  expense  of  repairs;  that  the  con- 
necting rods  and  main  journal  boxes  are  of  ample 
proportions,  made  of  the  best  material,  and  accurately 
fitted,  thus  insuring  durability. 

The  Wheelock  Engine. 

The  economy  of  variable  or  automatic  cut-off 
engines  has  been  so  well  established,  that  no  remarks 
in  favor  of  the  general  system  are  required.  To 
overcome  the  objection  of  complication  for  common 
Use  is  a  desideratum  well  attained  in  the  machine 
herewith  shown. 

By  reducing  the  number  of  parts  and  placing  all 
the  mechanism  for  operating  the  valves  on  the  out- 
side of  the  steam-chest,  every  defect  may  be  at  once 
detected. 

Valves  are  used,  which  are  suspended  on  hardened 
steel  trunnions,  or  stems,  and  hardened  steel  bushings, 
and  are  located  directly  under  the  bore  of  the 
cylinder  at  each  end,  thereby  reducing  the  clearance 
to  the  smallest  possible  amount.  The  valves  and 
seats  are  made  tapering  in  their  general  diameter,  and 
the  pressure  of  steam  comes  on  one  side,  which  also 
acts  to  keep  the  collar  in  contact  with  the  sleeve. 
Steam  is  admitted  and  exhausted  by  a  single  valve, 
and  any  variation  of  the  k)ad  is  at  once  comnmnicated 
through  the  action  of  the  governor,  which  has  entire 
control  over  two  cut-off  valves,  or  wipers,  by  a 
simple  mechanism,  the  constc^ction  of  which  is  such 
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as  to  insure  entire  uniformity  of  speed  under  extreme 
variation    of  load.     A   cavity   in   face  of  the  cut- 
off valves  allows  a  dciuble  admission  and  closing.     A 
*  very  perfect  result  is  claimed  as  due  to  the  fact,  that 

the  valves  are  suspended  on  the  hardened  steel  trun- 
nions and  bushings,  thereby  maintaining  the  valve  in 
I  a  central  position.     Attention  is  called   to  the  fact 

:  that  the  cut-off  does  not  control  the  time  of  admissioa 

I  or  lead  to  the  cylinder,  but  is  well  open  before  the 

i  main   valve  is   ready  to   open    the   induction    port, 

5  This  is  claimed  as  a  great  advantage,  especially  where 

?  steam  follows  but  a  small  portion  of  the  stroke.     The 

i  explanation   is,  that  if  the  cut-off  opens  but  a  crack, 

as  in  cases  where  the  lead  is  controlled  by  the  cut-off, 
the  mechanism  is  not  sufficient  to  close  it,  and  steam 
sizzles  through  during  the  whole  stroke,  thereby 
making  speed  irregular.  The  valve-gear  is  con- 
structed iu  the  simplest  form  of  the  ordinary  eccentric 
rod,  and  is  made  to  disengage  at  the  pleasure  of  the 
engineer,  by  which  result  the  engine  can  be  worked 
by  hand,  either  forward  or  backward,  with  perfect 
ease,  a  j)oint  very  desirable  in  practice. 

By  reference  to  Fig.  19,  showing  valve  gear,  it 
will  be  noticed  that  the  cut-off  is  worked  from  the 
main  valve  crank.  The  pin  being  an  eccentric  bolt 
makes  adjustment  very  bandy.  This  attachment 
produces  the  celebrated  wrist-plate  motion,  without 
its  complications. 

The  entire  adjustability  of  the  valves  to  their  seats 
is  secured    by  a  peculiar   arrangement  of  the  steel 
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bushings  (which  can  be  driven  in  or  out  as  required), 
the  inner  end  forming  a  joint  against  the  steel  valve- 
stem  or  trunnion,  entirely  obviating  the  necessity  of 
any  stuffing-box.  These  steel  stems  have  l>een  found 
in  practice  to  wear  endwise  in  about  equal  ratio  with 
the  surface  of  the  valves  and  their  seats ;  and  as  the 
valves  are  suspended  with  the  surfaces  in  but  sliglit 
contact,  while  the  pressure  inclines  the  valves  to  their 
seats,  great  durability  is  obtained.  The  steam-chest 
is  located  underneath,  and  forms  a  part  of  tlie 
cylinder,  as  is  also  the  exhaust  passage.  The  latter 
is  entirely  separated  from  the  steam-chest,  and  in  no 
way  influences  the  live  steam,  while  easily  disposing 
of  any  accumulation  of  water. 

The  cylinder  has  but  two  ports,  and  the  valves 
being  suspended,  do  not  gouge  out  the  seats,  nor  do 
the  seats  need  to  be  recessed.  The  object  of  this  con- 
struction is  to  get  the  effect  of  steam  balancing  with- 
out the  objections  that  apply  to  that  method. 

In  the  production  of  the  Wheelock  engine,  it  has 
been  the  aim  of  the  manufacturer  to  produce  an 
engine  with  the  most  advantages  and  the  fewest  dis- 
advantages to  be  found  in  any  machine  now  offered 
to  the  public.  His  success  in  that  direction  may  be 
measured  by  the  high  position  the  engine  has  attained 
where  it  is  known. 

The  arrangement  of  the  valves  not  only  reduces 
the  clearance  to  a  minimum,  but  guards  against  a 
waste  of  steam  through  the  exhaust  port,  if  there  be 
a  leakage  in  the  cut-off  valve. 
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The  cylinders  of  these  engines  are  fitted  with 
the  Wheelock  piston  and  steam  packing,  which 
have  shown  gratifying  results  in  use  during  sixteen 
vears. 

The  stop  motion  in  use  in  these  engines  effectually 
prevents  the  engine  from  running  too  fast,  in  case  of 
accident  to  the  governor. 

The  Buckeye  Automatic  Engine. 

Figs.  20  and  21  show  the  front  and  back  views, 
Fig.  22  a  sectional  view  through  cyliiKler  and  valves, 
and  Fig.  23  the  governor,  of  the  celebrated  Buckeye 
engine  as  constructed  by  the  Hartford  Engineering 
Co.,  Hartford,  Conn.,  and  known  to  the  public  as 
"The  Hartford  Automatic  Engine.'^  It  is  a  new 
design,  based  on  the  Buckeye  or  Thompson  system 
of  valve  gear. 

It  will  be  seen  that  the  bed  is  of  the  Tangye  type, 
and  has  in  its  design  received  the  particular  attention 
so  necessary  in  high-speed  practice.  It  is  very  heavy, 
and  has  a  notably  broad  bearing  surface  on  the 
foundation;  and,  unlike  most  other  beds  of  this  class, 
has  a  large  amount  of  metal  judiciously  distributed 
above  the  centre  line,  so  as  to  transmit  the  strains  in 
a  direct  line  from  the  cylinder  to  the  bearing  of  the 
main  pillow-block.  The  end  of  the  bed  to  which  the 
cylinder  is  attached  is  strengthened  by  a  massive 
hood,  and  further  rigidity  is  obtained  by  a  diagonal 
rib  down  the  front.  Particular  attention  seems  to 
have  been  paid  to  the  concentration  and  distribution 
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of  metal  at  the  main  bearing,  and  the  bed  is  hollowed 
out  in  such  a  way  as  to  catch  and  retain  the  drip. 
On  the  whole,  it  presents  a  harmonious  distribution 
of  metal,  representing  strength  and  good  taste. 

The  piston,  which  is  made  light  and  in  one  piece, 
has  a  depth  equal  to  one-half  its  diameter,  whereby 
ample  wearing  surface  is  obtained,  and  is  packed  with 
two  simple  spring  rings,  which  require  no  adjust- 
ment. Loose  rings,  H  H,  in  the  stuffing  box,  are 
arranged  to  give  the  piston-rod  freedom,  thereby  pre- 
venting cutting. 

The  cross  head  is  of  the  locomotive  type,  fitted 
with  a  steel  pin  and  gun  metal  shoes,  and  is  split 
and  finished  in  such  a  way  that  when  bolted  together 
it  binds  so  tightly  on  the  thread  of  the  rod  as  to 
require  no  jam  nut,  while  at  the  same  time  it  can  be 
readily  loosened  to  admit  of  adjusting  the  length. 
Both  guides  are  adjustable  for  lining  the  cross  head. 

The  connecting  rod  is  finished  flat,  and  gradually 
increases  in  the  area  of  its  cross  section  from  the 
cross  head  to  the  crank  pin  end,  it  being  intended,  in 
this  respect,  to  proportion  it  for  its  entire  length  with 
reference  to  the  strains  to  which  it  is  subjected. 

The  crank  pin  is  of  steel,  three-tenths  of  the  diam- 
eter of  the  cylinder  both  in  length  and  diameter,  and 
is  accurately  finished  by  grinding  on  dead  centres. 
The  crank-pin  boxes  are  of  hard  metal,  lined  with 
babbitt,  and  are  fitted  to  a  solid  head  on  the  connect- 
ing-rod, in  which  they  are  adjusted  by  a  wedge  and 
ikirew. 
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The  crank  is  a  counterbalanced  disc,  and  the  shaft 
is  of  hammered  scrap  iron,  in  diameter  equal  to  one- 
half  the  bore  of  the  cylinder,  and  with  journals  two 
diameters  in  length. 

The  main  eccentric  is  adjustable  on  the  shaft,  so 
that  the  compression  can  be  controlled  to  insure 
smooth  running. 

All  bearings  are  provided  with  two  means  of 
lubrication:  the  one  automatic,  and  answering  all 
ordinary  purposes,  while  the  other  is  positive,  and 
is  fqr  use  in  case  of  the  choking  or  clogging  of  tlie 
automatic  devices.  Throughout  there  are  ample  and 
simple  means  of  adjustment  and  compensation  for 
wear. 

It  is  the  claim  of  the  company  that  in  design  and 
workmanship  this  engine  is  a  representative  of  the 
best  practice  of  the  day.  Tlieir  practice  compre- 
hends moderately  high  speed — from  100  to  200  revo- 
lutions, according  to  size — ^steam-pressure  of  about 
80  lbs.  and  fairly  heavy  loads— corresponding  to  a 
cut-off  at  about  J  stroke. 

Valves  and  Valve  Motion. 

The  live  steam  enters  at  A,  Fig.  22,  whence  it 
passes  through  passages  a  a"  and  the  open  pistons 
D  D,  into  the  interior  of  the  box  slide-valve  B  B, 
as  shown  by  the  arrows.  From  the  box- valve  the 
steam  is  admitted  to  the  cylinder  through  ports  b  b  in 
its  face,  as  these  ports  are  alternately  brought  to  co- 
incide with  the  cylinder  ports. 
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The  cut-off  valve,  which  consists  of  two  light 
plates  C  c  connected  by  rods  Cf,  works  on  seats  inside 
of  the  main  valve,  as  shownj  and  alternately  covers 
the  ports  leading  to  the  cylinder.  The  cut-off  valve- 
Btem  g  works  through  the  hollow  stem  G  of  the 
main  valve..  The  exhaust :  takes  place  at  the  end  of 
the  valve  (as  shown  by  arrow  on  right)  into  the  valve- 
chest  and  into  the  exhaust  pipe  i^  below. 

Among  the  new  features  since  the  first  introduction 
of  the  engine,  are  the  relief  chambers  e  e  m  valve- 
seat.  To  explain  the  use  of  these,  it  must  be  uniler- 
sfcood  that,  the  steam  being  inside  of  the  slide-valve 
instead  of  around  it  (as  with  the  common  slide-valve), 
the  tendency  of  the  pressure  of  the  steam  in  the  ports 
b  b  and  in  the  cylinder  is  to  force  the  valve  from  its 
seat,  but  this  tendency  is  counteracted  by  the  pressure 
of  the  entering  steam;  this  pressure  being  propor- 
tioned to  the  area  of  the  pistons  or  equilibrium  rings 
D  dy  D  d.  These  pistons  are  made  large  enough  to 
hold  the  valve  to  its  seat  at  the  moment  of  admission 
(as  at  left  end  of  valve,  Fig.  22)  when  the  tendency 
to  leave  the  seat  is  greatest,  being  then  equal  to  the 
pressure  of  the  steam  on  the  united  area  of  both  the 
port  b  in  the  valve,  and  the  port  in  the  cylinder.  At 
other  times  the  pressure  on  the  seat  would  be  greater 
tlmn  necessary;  but  to  prevent  such  undue  pressure, 
live  steam  is  admitted  to  the  relief  chambers  e  e 
through  small  holes  //  in  the  face  of  the  valve  just 
after  it  is  exhausted  froui  the  cylinder,  as  shown  at 
the  right-hand  end  of  valve,  Fig.  22,  and  in  turn 
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exhaustod  from  them,  as  shown  at  the  left,  just 
before  steam  is  admitted  to  the  eyliiider.  The  re- 
sult is  a  moderate  and  very  nearly  a  uniform  pres- 
sure on  the  seats  at  all  points  of  travel,  and  tlie 
arrangement  also  greatly  assists  in  the  proper  dis- 
tribution of  lubrication. 

Another  recent  improvement  consists  in  placing 
tlie  equilibrium  rings  in  the  back  cover  of  the  valve- 
chest,  instead  of  in  the  cover  of  the  Valve,  as  formerly. 
The  value  of  this  improvement  consists  mainly  in  its 
rendering  the  equilibrium  rings  accessible  without 
removing  the  valve. 

The  Governor. 

The  remat^kable  simplicity  or  this  device  will  be 
apparent  on  inspection  of  Fig.  23.  Two  levers,  a  a, 
are  pivoted  to  the  arms  of  the  containing  ciase  at  one 
of  their  ends,  as  at  6,  while  the  movable  ends  are 
connected  by  links  B  B  to  ears  or  flanges  on  the 
sleeve  of  the  loose  eccentric  C,  so  that  their  outward 
movement  in  obedience  to  centrifugal  force  (as  indi- 
cated by  dotted  lines)  advances  the  eccentric  forward 
in  the  direction  of  revolution.  Springs  F  F,  of 
tempered  steel  wire,  furnish  the  centripetal  force. 
The  tension  of  the  springs  is  adjustable  by  a  screw 
from  the  outside  of  the  case  at  c,  as  shown.  The 
proper  amount  of  tension  in  any  given  case  is  that? 
which  will  confine  the  percentage  of  variation  due  to 
changes  of  load  and  pressure  within  as  narrow  limits 
as  may  be  desirable — the  greater  the  tension  the  less 

7 
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the  variation — so  that,  if  desirable,  it  may  be  reduced 
until  it  is  imperceptible.  In  fact  it  is  possible  to  ob- 
tain as  dose  regukdion  with  it  as  the  nature  of  the  load 
and  other  conditions  outside  of  the  construction  of  the 
engine  would  permit  with  any  known  method  of  regu- 
lotion.  The  proper  spi^d  is  obtained  by  adding 
more  or  less  weight  at  A^  or  within  certain  limits  by 
shiftiTig  the  weights  along  the  levers.  The  weights 
A  are  cored  out  in  pockets,  which  may  be  filled  with 
lead.  As  a  rule,  the  tension  is  not  to  be  changed  to 
effect  changes  of  speed,  though  slight  changes  of 
speed  may  properly  enough  be  so  effected,  provided 
no  objectionable  degree  of  change  of  sensitiveness 
results. 

The  case  is  in  halves,  and  is  clamped  to  the  shafl 
by  the  pinch  bolts  g.  Rubber  buffers  at  e  and  / 
cushion  the  levers  in  their  extreme  positions.  Both 
ends  of  the  links  B  B  are  ball-^ind-socket  joints,  to 
prevent  binding.  The  spring  hooks  d  are  adjustable 
along  the  levers,  but  once  set  should  not  be  disturbed. 
Their  position  is  one-third  of  the  length  of  the  lever, 
a,  from  tlie  pin  6. 

The  parts  are  shown  in  their  proper  position  for 
motion  in  the  direction  of  arrow ;  for  motion  in  the 
opposite  direction,  the  levers  are  pivoted  to  the  other 
arms  of  the  case,  and  the  springs  are  reversed.  All 
pf  these  governors  are  so  constructed  that  this  change 
can  readily  be  made  at  any  time. 
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The    Range  pf  Adjustment. 

When  the  earliest  cut-off  that  the  action  of  the 
regnliitor  can  produce  is  no  earlier  than  is  necessary 
to  restrain  the  engine  under  its  lightest  load  and 
greatest  steam-pressure,  the  latest  will  be  at  |  to  f 
of  the  strokej  where  it  meets  tlie  fixed  cutroff  of  the 
main  valve,  d^ie  to  its  lap  and  angular  advance,  and 
this  w/wle  range  of  adjustment  is  under  complete  con- 
trol of  the  goi^ernor.  To  appreciate  the  value  of  this 
feature,  it  should  lye  understooil  that,  with  single 
eccentric  releasing  gear  move<i)ents,  the  governor  can 
only  control  the  time  of  release  during  the  opening 
movement  of  the  valve,  which  neoesKarily  terminates 
l)efore  mid-stroke,  so  that  if  the  release  is  not  effected 
before  mid-stroke,  it  will  not  take  place  at  all  during 
that  stroke,  thus  causiiig  extravagant  expendiliu'e  of 
steam,  and  spasmodic  irregularities  in  the  motion. 

The  **  Wright  Patent  Steam-Engine,"  with  Automatic  Cut- 

Off  Valve  Gear. 

Fig.  24  shows  the  steam-side,  with  cut-off  valve 
gear.  The  eye  is  immediately  attracted  to  the  pecu- 
liar construction  of  the  l)ed-plate  frame.  The  por- 
tion of  the  frame  which,  in  ordinary  engines,  is 
devoted  to  the  usual  flat  slides,  consists  of  a  hollow 
cylinder  arranged  concentrically  with  the  steam- 
cylinder,  and  serves  as  a  gui<le  for  the  cross-head, 
the  guiding  cylinder  being  simply  bored  out  to 
receive  the  cross-head.  There  are  lateral  openings  in 
this  cylindrical  guiding  portion  of  the  frame,  in  order 
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that  access  may  be  had  to  the  cross-heads  and  stufSng- 
box  of  the  piston-rod.  It  will  be  readily  understood 
by  those  familiar  with  the  costly  fitting  and  other 
preparations  demanded  by  the  slides  of  ordinary 
horizontal  engines,  that  this  combination  conduces  to 
simplicity,  strength,  and  economy  in  the  construction 
of  the  frame.  From  the  front  of  the  guiding  cylin- 
der, or  slides,  to  the  point  where  it  meets  the  base, 
the  frame  is  made  in  the  form  of  ^n  inclined  concaves- 
convex  trough,  deep  enough  to  permit  free  movement 
of  the  connecting-rods.  The  trough  has  the  upper 
edge  of  one  side  continued  in  a  plane  coinciding  with 
the  center  of  the  cylinder  from  the  latter  to  the  en- 
largement, for  receiving  the  bearing  of  the  crank- 
shaft ;  the  opposite  side  of  the  trough  extending  from 
the  guiding  cylinder  with  a  gradually  descending 
curve  to  the  base,  into  the  upper  portion  of  which 
it  merges. 

In  horizontal  engines  there  is  necessarily  an  exces- 
sive lateral  strain  on  the  frame  between  the  cross- 
head  guide  and  the  crank-shaft. 

This  strain  is  effectually  resisted  by  the  proper 
distribution  of  the  material  in  tlie  construction  of 
this  bed-plate. 

The  steam-cylinder  itself  rests  on  a  separate  bed- 
plate, to. which  it  is  securely  bolted,  the  bottom  of 
whicli  is  at  the  same  level  with  the  pillow-block  and 
the  bed-plate.  This  cylinder  foot  carries  all  neces- 
sary rocker-shafts  for  the  valve-gear.  There  are  four 
valves,  known  as  the   gridiron  slide-valves,   which 


STANDARD   AMERICAN   STATIONARY   ENGINES.    77 

work  vertically  in  the  chest  cast  with  the  cylinder, 
two  upon  one  side  of  the  cylinder  being  for  induction, 
or  cut-off,  and  two  upon  the  opposite  side  being  for 
eduction,  or  exhaust  steam. 

All  valve  motion  is  derived  from  a  single  eccentric, 
which  operates  levers  so  arranged  as  to  give  quick 
opening  movement  to  valves  when  opening,  and  also 
a  very  slow  movement  when  valves  are  lapped.  The 
location  of  all  these  valve-faces  close  to  the  bore  of 
cylinder  insures  the  least  possible  amount  of  clear- 
ances. The  steam  valve-stems  are  fastened  in  yokes, 
which  have  at  their  lower  ends  plungers  fitted  in 
dash-pots,  the  same  acting  as  guides;  the  yokes  are 
operated  by  steel  slides  fitted  through  the  end  of 
hollow  rocker-arms,  and  which  act  upon  the  swinging 
toes  held  in  the  yokes,  the  said  slides  having  a  diag- 
onal slot,  in  which  works  a  feather,  this  feather  l)eing 
made  on  a  rod  which  has  a  longitudinal  movement 
tlirough  the  hollow  rocker-arm,  and  to  which  the 
governor  is  connected.  By  this  longitudinal  motion, 
and  through  the  diagonal  feather  and  slot,  the  slide 
is  automatically  set,  to  engage  more  or  less  with  the 
swinging  toes,  and  which  gives  the  valve  its  proper 
lift,  and  liberates  upon  the  chord  of  the  arch.  The 
governor  itself  stands  on  a  bracket  or  shelf,  cast  on 
the  slide  part  of  the  bed-plate,  and  the  governor-rod 
is  connected  to  a  lever,  which  is  fastened  to  the  gov- 
ernor-shaft. This  same  shaft  carries  two  forked 
arms,  which  take  hold  of  the  small  rods  running 
through   the   hollow   rocker-shafts.      The  rods  are 
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enlarged  at  their  oilier  ends,  where  they  carry  the 
adjustable  slides  mentioned  before. 

The  advantages  in  this  arrangement  of  valves  and 
valve-gearing  are,  easy  accessibility  to  each  valve,  l)y 
the  simple  removal  of  a  bonnet;  and  the  very  im- 
portant and  desirable  fact  is,  that  the  whole  of  the 
valve-gear  and  governor  connections  is  outside  of  the 
steam-chests,  where  any  derangement  can  be  at  once 
seen  and  rectified. 

The  steam-piston  is  fitted  with  steam-packing 
rings,  and  a  brass  shoe  reaching  around  the  lower 
half  of  the  piston,  and  is  adjustable  by  set-screws  to 
carry  the  weight  of  the  piston.  The  piston-rod, 
crank  and  cross-head,  pins,  valve-stems,  and  all 
smaller  wrist-pins,  and  all  heads  of  connections,  are 
made  of  steel.;  all  connections  have  adjustable  brass 
l)oxes.  The  cross-head,  which  is  made  of  cast-iron, 
has  a  large  shoe  at  the  top  aiid  bottom,  lined  with  an- 
ti-friction metal,  fitted  to  the  bore  of  the  slide,  and  is 
adjustable  by  wedges  and  set-screws  to  take  up  the 
wear. 

The  connecting-rod  is  of  best  hammered  wrought- 
iron,  with  composition  boxes  at  each  end;  the  crank- 
sliaft  is  made  of  best  hammered  wrought-iron,  has 
long  bearings,  one  in  the  main  bed-plate,  and  <me  in 
an  outside  pillow-block,  both  lined  with  anti-friction 
metal,  and  the  main  bearing  with  adjustable  side 
boxes. 

This  engine  will  maintain  its  uniform  speed  with 
a  very  slight  variation,  changing  between  its  max- 
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imum  and  minimum  load  as  near  as  can  ho  attained 
by  any  automatic  regulation;  it  will  carry  out  the 
law  of  exi>aiiaioii  actwrding  to  the  theory  established 
by  science  as  nearly  jjerfect  as  has  ever  been  done ; 
and  by  its  superiority  iu  proportions,  comi>act»es9, 
durability,  and  arrangement  of  parts  for  accessibility 
for  repairs,  coniniends  itself  to  all  practical  engineers. 


Fig.  34. 
These  engines  are  built  exclusively  at   the  Wright 
Steani-Engine  Works,  Newburgh,  N.  Y.,  under  the 
I>ersonal  sujiervision  of  Mr.  William  Wright,  the  in- 
ventor and  ]>atentee  of  the  engine. 

The   Wetertown   Automatic   Cut-off  Engine. 

Fig.  25  gives  a  general  view  of  the  Watertown 

Engine,  and  Fig.  26  shows  the  cut-off  valve.    It  will 
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l;e  seen  that  there  are  two  eccentrics,  and  therefore 
Iwo  valves.  The  eccentric  nearest  the  pillow-block 
is  connected  to  the  main  valve,  which  is  of  the  or<li- 
nary  iiattern,  with  this  exception,  that  the  steam  in- 
stead or'  passing  the  edge  of  the  valve,  is  taken 
through  it,  hy  means  of  the  porte  C  and  0,  shown  m 
Fig.  26. 


Fig.  26. 
H  represents  the  back  of  the  main  valve,  which  is 
ftlso  the  seat  of  the  cut-off  valve  G.  F  represents  the 
stem  of  the  main  valve,  and  B  the  stem  of  the  cut-off 
which  in  continued  on  through  the  end  of  the  stcam- 
ohest,  and  is  held  steady  while  the  engine  is  working 
hy  means  of  a  horn  at  A.  The  reader  will  notice 
that  there  is  a  rack  cut  in  the  hack  of  the  ctit-oPf 
valve,  which  engages  the  teeth  of  a  small  gear  on  the 
valve-stem,  and  from  this  device  will  at  once  come  to 
the  conclnsion  that  the  adjustment  of  the  cut-off  is 
Bccomplislied  hy  rolling  the  valve-stem.     This,  as  a 
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matter  of  course,  will  raise  and  lower  the  cut-ofiT  valve 
by  means  of  the  rack  and  pinion,  thereby  opening  or 
closing  the  ports. 

Directly  under  the  governor  there  is  a  disc  on  the 
valve-stem,  with  teeth  cut  on  the  periphery  about 
half  the  circumference,  and  these  teeth  engage  a 
rack  connected  with  the  governor  spindle;  con- 
sequently, as  the  balls  of  the. governor  rise  and  fall,  a 
proportional  motion  will  be  transmitted  to  the  cut-off 
valve. 

In  order  to  make  this  motion  positive  and  reliable 
at  all  times,  an  important  improvement  has  been 
made  in  the  manner  of  suspending  the  governor  balls. 
The  point  of  suspension,  instead  of  being  on  the  same 
Kide  of  the  spindle  as  the  ball,  is  carried  to  the 
opposite  side,  thereby  greatly  increasing  the  power 
and  sensitiveness  of  the  rwvernor. 

o 

To  determine  the  point  at  which  the  engine  is  cut- 
ting off  while  running,  the  plain  part  of  the  disc 
which  is  connected  with  the  governor  and  valve-stem, 
has  marks  and  fi;5ures  upon  it,  each  mark  indicating 
a  point  in  the  length  of  the  stroke.  There  is  a  point 
which  coincides  with  these  marks.  A  glance  at  this 
device  will  show  at  once  the  point  at  which  the  cut- 
off takes  place.  To  increase  or  diminish  the  speed, 
a  counter-weight  is  attached  to  the  end  of  the  governor 
spindle,  under  the  steam-chest.  These  engines  are 
also  built  with  a  plain  slide-valve,  and  with  cut-off 
adjustable  by  hand. 

The   bed-plates   arc  very  solid,  heavy,  and  sub- 
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stantial.  The  cylinder  is  jacketed  to  prevent  radia- 
tion. The  piston  consists  of  three  rings  and  springs. 
The  piston-rod  is  screwed  to  the  cross-head  and 
secured  by  a  jam-nut,  admitting  of  adjustment  at  any 
time,  as  it  wears. 

The  steam-chest  is  full  length  of  the  cylinder, 
reducing  the  clearance  space  to  a  minimum.  These 
engines  are  justly  numbered  among  the  "standard" 
engines  of  this  country. 

The  Economy  of  a  Steam -Engine. 

This  is  expressed  in  terms  of  the  number  of  pounds 
of  water  consumed  per  horse-power  (H.  P.)  per  hour. 
The  rate  of  water  consumption  is  the  only  intelligible 
expression  for  the  engine  alone,  as  the  amount  of  fuel 
used  must  depend  largely  upon  the  kind  of  boiler  and 
its  condition,  the  manner  in  which  it  is  set  and  fired, 
the  quality  of  the  fuel,  the  draft,  and  numerous  other 
conditions,  for  which  the  engine  is  in  no  way  re- 
sponsible. 

This  rate  may  be  found  by  the  following  rule: 
Divide  the  constant  number  859,375  by  the  volume 
of  steam  at  the  terminal  pressure,  and  by  the  mean 
effective  pressure.  The  quotient  will  be  the  desired 
rate. 

With  non-condensing  engines,  the  best  possible 
economy,  with  a  given  boiler  pressure,  is  theoretic- 
ally obtained  when  the  full  pressure  is  admitted  to 
the  cylinder  up  to  the  point  of  the  cut-off,  and  the 
degree  of  resulting  expansion  is  such  that  the  ter- 
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minal  pressure  isf  lowered  to,  or  nearly  to,  that  of  the 
atmosphere;  provided  that  the  construction  of  tlie 
engine  is  such  as  to  combine  with  a  free  exhaust  and 
induction  the  least  possible  loss  from  clearance, 
friction,  leakage,  and  condensation.  Under  such  con- 
ditions the  steam  may  expanded  until  there  is  no  more 
work  in  it,  and  no  higher  economy  is  possible  with 
the  given  boiler  pressure  without  a  condenser. 

The  best  theoretical  economy  possible  with  a  given 
load  and  boiler  pressure,  is  obtained  when  the  cut-off 
takes  place  as  early  as  possible  in  the  stroke, 
consistent  with  obtaining  the  average  pressure 
necessary  .to  do  the  work  and  maintain  the  proper 
speed. 

The  effect  of  a  condenser  should  be  to  make  avail- 
able about  10  pounds  more  mean  effective  pressure, 
with  the  same  terminal  pressure;  or  to  give  the  same 
mean  effective  pressure  with  a  correspondingly  less 
terminal  pressure.  When  the  load  on  the  engine  re- 
quires 20  pounds  M.  E.  P.,  the  condenser  does  half 
the  work ;  at  30  pounds,  one-third  of  the  work ;  at 
40  pounds,  one-fourth,  and  so  on.  It  is  safe  to 
assume  that  practically  the  condenser  will  save  from 
one-fourth  to  one-third  of  the  fuel,  and  it  can  be 
applied  to  any  engine,  cut-off  or  throttling,  where  a 
sufficient  supply  of  water  is  available. 

The  Buckeye  Engine  Co.,  of  Salem,  Ohio,  has 
introduced  a  very  excellent  type  of  condenser  for 
stationary  purposes.  It  is  both  simple  and  effective, 
contains   no    valves,   and   cannot    get   flooded   with 
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tvater.  '  Th<i^e   who   have  •  used   them ''  speak  in  the 
highest  terms  of  their  efiSciency. 

Condensers. 

Jet  (Jofadensers  should  have  one  cubic .  foot  of 
capiacity  for  each  indicated  hOTse-power.  Surface 
condensers  working  with  engines  cuttuig  oflF  at  half- 
stroke  ishould  have  three  feet  of  tube,  surface  per 
indicated  horse-power.  Very  .small  tubes,  such  as  J 
in.  external  diameter,  are  apt  to  crack;  for  f  are 
preferable,. with  spaces  between  of  J  in.  to  J  in. ;  f 
tubes  are  generally  pitclied  1  in.  apart ;  f  tubes  are 
generally  pitched  1 J  in.  apart.  Condenser  tubes  are 
usually  eight  feet  long,  as  they  are'  manufactured  to 
16  feet  lengths  (unless  specialJy  ordered);  they  cut 
into  two  lengths  without  waste  or  extra  cost.  Solid 
drawn  tubes  are  of  inferior  metal  to  lap  or  brazed 
tubes. 

Useful  Notes  for  Calculations  Concerning  Pumps. 

In  the  year  1826  the  imperial  standard  j>ound  was 
adopted  from  avoirdupois  weight.  It  was  defined  to 
be  the  vveight  of  flgth  part  of  an  imperial  gallon  of 
pure  water  at  62°  F.  and  30  in.  of  barometer. 
Tlicrefore:  . 

'  A  gaUoii  of  pure  or  distilled  water  weighs  10  pouilds. 

A  cubic  foot  of  water  weighs  997.137  ounces,  or  62i  paunds ;  or, 
approximately,  about  1000  ounces,  or  625  pounds,  or  a  little  over 
i  cwt. 

•  A  cubic  foot  of  water  contains  6.25  gallons;  or,  as  an  aid  to 
memory,  pounds  in. a  cubic  fact  divided  by  10  give  gallons,  the 
HL^ures  being  the  same,  with  the  decimal  point  removed  one  figure 
to  the  left. 
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A  pJnt  of  water  weighs  about  20  ounqes,  or  .1|  pounds ;  or,  as 
stated  by  the  old  rhyiii£, 

"  A  pint  of  pure  water 
Weighs  a  poand  and  a  quarter/' 

India-Rubber  Valves,  for  Circulating,  and  Airr Pumps. 
Diameter.  Thickness. 


4  in. 

}in. 

5  " 

r-* 

1^" 

6    "  to    7i  in. 

T— • 

*   " 

7h  "  to    81   " 

A" 

9    "  to  lOi  " 

— 

f   " 

10*  "  to   12     " 

_ 

«" 

The    hole    in    the  centre    of 
-  valve  to  be  j^  in.  larger  than  the 
diameter  of  the  stud. 


Value  of  High  Rotative  Speeds. 

As  a  factor  of  ecmiomy,  piston  speed  of  itself  h::3 
no  value.  That  which  has  value,  is  pinion  speed  got 
by  rotative  ttpeed. 

We  could  get  piston  speed,  and  consequently 
power,  by  increasing  the  length  of  stroke,  without 
increasing  the  number  of  revolutions.  But  such  a 
proceeiling  would  diminish  rather  than  improve  the 
economy,  for  the  following  reason :  It  is  evident  that 
the  longei*  time  steam  remains  in  contact  with  a  cooler 
surface,  the  more  will  it  be  condensed.  To  use  a  little 
steam  at  a  time,  to  use  it  very  quickly y  and  to  keep  it 
hot,  is  the  fundamental  principle  of  high  rotiitive 
8|>eeds,  than  which  there  is  nothing  more  practically 
im^iortant  in  Steam-Engineering.  We  bave  already 
noted  the  fluctuation  of  temperature  of  the  interior 
cylinder  surfaces  with  each  stroke.  With  a  slow 
motion,  the  cooling  effect  of  the  expansion  penetrates 
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further  into  the  metal  of  the  cylinder,  requiring  more 
condensation  at  each  admission  to  reheat  it.  Tlie 
limit  of  rotative  speed  is  in  constructive  considera- 
tions only. 

Rule  for  Finding  the  Weight  of  Fly  Wheels. 

Divide  the  constant  number  6,500,000  by  the 
diameter  of  the  wheel  in  feet  and  by  the  square  of 
the  number  of  revolutions  per  minute.  The  quotient 
will  be  the  number  of  pounds  per  horse-power  required 
in  the  rim  of  the  wheel  for  automatic  engines  applied 
to  ordinary  duty.  A.  H.  P.  based  upon  30  pounds, 
M.  E.  P.  will  be  sufficient  in  ordinary  practice  for 
determining  the  total  weight  of  fly-wheel  required 
for  a  given  engine.  For  throttling  engines,  a  con- 
stant number  of  5,000,000. will  give  sufficient  weight 
for  ordinary  purposes.  For  rolling-mills  and  like 
duty,  we  would  use  a  still  larger  constant  numl)er. 
The  rule  confines  the  percentage  of  fluctuation,  or  in- 
cremental variation,  .for  all  rotative  speeds,  within 
the  same  limits,  but  the  fly-wheel  for  quite  slow 
speeds  becomes  enormously  heavy,  as  shown  by  the 
following  comparison  Ixjtween  a  4-fo()t  stroke  speeded 
50  revolutions  per  minute,  with  a  16'  pulley,  and  a 
2-foot  stroke  speeded  100  revolutions  per  minute, 
with  a  10-foot  pulley,  each  engine  developing  100 
H.  P.  For  the  4'  stroke,  6,500,000-f- 16 -4-502= 
162 J  pounds  in  the  rim  per  each  H.  P.  162 J  x  100 
H.  P.  =  16,250  pounds  total  weight  of  rim.  Cross 
section    of   rim    4|:"  x  25".      For    the   2'   stroke, 
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6,500,000 -r- 10 —  1002  =  65  pounds  in  the  rim  for 
caeh  H.  P.;  65  x  100  H.  P.  =  6,500  pounds  total 
weight  of  rim.  Cross  sections  of  rim,  2i^(j"  x  25". 
Adding  for  arms  and  hubs,  the  16'  pulley  will  weigh 
at  least  10  tons,  while  the  10'  pulley  will  not  ex- 
ceed 4  tons,  and  yet  the  effective  momentum  and  per- 
centage of  fluctuation  is  the  same  for  each. 


CHAPTER    IL 

r?f,»ZiJO  jUnatJCAX    ?TATj>5fAliT  »"•! 


XL  z^ih  i\r^r:Ti  f-jr  ^uckoirr  p::TT*^i=*es.  iTie  the-  coly 

Twr  }*r»f«-,t  f.»r!3a  of  suazn  bc«Ik*s  may  he  ciaa?-:5€ti 

aft  ;--*<^  --  fi:je^  tL'r>Uiar,  arid  '•nuer-^ul^e  or  5««i.-«al 
IrAj^yt,      Tii*:  cjC'TLCicai  rrl>j3er  toiler  is  iLe  o::'r 

fe  ^^rhfS.r  #n"!;i»drkaj,  with  flat  ca?t  or  wT«xrci.t- 
if*/^  5j*ati».  There  i?  cf?::i"v  aiia»."h*d  to  this  kirnl 
*/f  U/!*T  a  **  Kezm-^r-imr  fr:»:a  which  the  steam- 
|/ij^  kai'i*  to  th*r  etigiDe.  They  are  nsaally  m^iu 
*>'>  t/^  K«  iw:':,^  ID  dianieter.  and  Ironi  l!o  to  30  ftt^t 
\'/it'^  Wl#ere  moeh  steaun  i«  requireii,  there  ane  sev- 
*-ral  |/ut  t'.ig^l*er  s-ide  hy  side,  and  ai^  ihrn  c&lled  a 
**  liaUery,''  aiid  vheo  placed  in  chaipe  of  an  incom- 
jtf^eftt  tjr  reekle^is  man,  a  more  dangeroos  battery 
wafe  iKfver  invented — being  far  more  danirercHis  than 
a  \tatUfry  fjf  artillenr.  Floe  boilers  are  cenenillv 
i'\\\n*\rvia\  in  form,  and  contain  one  or  more  fluei^ 
wlii'-li  |iar«  from  end  to  end  thnnigh  the  interior  of 
t\»H  \jfj\\^y  Ixsnealh  the  water  line,  giving  far  more 
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heating  siirfuce  thnii  can  he  obtained  in  ttie  plain 
cylinder  kind.  Evans'  boiler  (Fig.  2)  shows  one  of 
tliis  type.  They  are  usually  from  35  to  45  inches 
in  diameter,  and  from  30  to  50  feet  long.  The 
whole  is  placed  in  a  brick-work  setting.  They  are 
used   where  fuel  is  cheap,  repairs  costly,  and   feed 


water  impure,  as  they  are  easily  scale<I   and   kept 
L'lean.     Like  tlie  plain  cylinder  boiler,  they  are  often 
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placed  in  ^  batteries/'  and  like  them,  are  famous  for 
battering  down  mills.  These  two  classes  belong  to 
the  cheap  and  dangerous  type. 

Fig.  27  shows  an  upright  vertical  fire-tube  boiler. 
In  the  fire-tulie  lioiler  the  gases,  etc,  from  the  fur- 
nace {MISS  through  the  inside  of  the  tubes,  and  the 
water  is  on  the  outside  of  them,  while  in  the  water- 
tube  or  sectional  boiler  (to  be  noticed  directly)  the 
reverse  is  the  case:  in  them  the  water  is  inside  the 
tubes  and  the  fire  on  the  outside. 

Horizontal  Tubular  Boilers. 

Fig.  28  shows  a  horizontal  tubular  steam  boiler,  as 
built  by  Woodbury,  Booth  &  Pryor,  Rochester,  N.  Y., 
and  recommended  by  them  to  be  used  with  their 
automatic  cut-off  engine.  We  give  it  in  part,  for 
the  purpose  of  calling  attention  to  what  is,  after  all, 
entitled  to  be  considered  the  representative  stationary 
steam  boiler  in  this  country,  and  in  part  to  call  atten- 
tion to  some  of  the  distinctive  features  adopted  by 
the  firm  above  mentioned,  and  some  of  the  arguments 
used  in  their  favor. 

It  will  l)e  seen  that  this  boiler,  as  constnicted,  is 
not  provided  with  a  dome,  in  which  it  differs  from 
the  majority  of  l)oilers  of  this  class,  although  many 
of  the  most  observing  engineers  have  of  late  years 
come  to  doubt  the  value  of  the  dome,  while  the  fact 
that  they  materially  weaken  the  shell  has  been  in- 
(li»^|>utably  demonstrated. 

As  an  argument  against  the  utility  of  the  dome,  it 
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is  said  that  the  doaie,  as  ordinarily  constructed,  would 
contain  steam  enough  to  supj^ly  an  engine  from  ^^ 
to  x'o  of  a  minute  only,  and  that  the  steam  would  not 
be  of  so  good  quality  as  if  taken  from  a  point  nearer 
the  great  repository  of  heat — the  water;  hence,  the 
manufacturers  of  this  boiler  construct  them  without 
domes  unless  specially  ordered. 

The  j)erforated  dry  pipe,  through  which  steam  is 
supplied  to  the  engine,  is  made  of  a  size  several  times 
larger  than  the  steam-pipe,  and  is  provided  at  its  end 
with  a  hinged  valve  opening  inwardly  to  provide 
against  the  possibility  of  the  perforations  becoming 
stopped  up. 

The  sheets  are  long  enough  in  all  cases  to  reach 
entirely  around  the  boiler,  and  the  quality  is  "Char- 
coal flange  fire-box  iron,"  and  "Charcoal  flange 
iron;^'  also  the  plates  are  planed  or  beveled  by 
machines,  and  rivet  holes  are  punched  with  a  spacing 
machine;  the  object  of  planing  or  beveling  the  sheets 
before  they  are  put  together  being,  of  course,  to  pre- 
vent the  damage  to  the  sheet  underneath,  resulting 
from  scoring  with  the  chisel  when  chipping  after  the 
sheets  are  riveted  together.  For  reasons  similar  to 
this  the  concave  system  of  riveting  is  used. 

Tiie  accurate  spacing  of  rivet  holes  by  the  machine 
insures  the  holes  coming  together  fairly,  and  does 
away  with  the  injurious  practice  of  straining  the 
sheets  by  the  application  of  drifts. 

Another  point  is  that  the  tubes  are  so  arranged  as 
to  be  in  rows  V  x  1^"  distance  apart,  and  well  clear 
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of  the  shell  of  the  boiler;  points  that  have  frequently 
Wen  overlooked  in  the  construction  of  this  class  of 
boilers,  and  which  have  sometimes  tended  to  bring 
them  into  disrepute. 

Altogether,  the  builders  hnve  shown  an  intention 
to  popularize  this  simple  form  of  boiler  by  attend- 
ing to  the  detail  of  its  construction,  holding  in 
their  nianufacture  to  the  distinctive  features,  but 
changing  the  detail  for  burning  tan  bark,  saw  dust, 
and,  in  fact,  any  kind  of  fuel  in  use  for  generating 
steam.  No  better  boiler  of  the  kind  is  made  in  this 
country. 

The  present  tendency  in  the  use  of  steam  is  toward 
the  employment  of  high  pressures.  The  cause  of  tliis 
apparently  dangerous  policy  on  the  part  of  engineers 
and  engine-builders  arises  simply  from  economy.  It 
is  an  axiom  laid  down  by  theory,  and  confirmed  by 
practice,  that  the  higher  the  boiler-pressure  and  the 
greater  the  ratio  of  expansion,  the  greater  is  the 
economy  of  fuel.  Theoretically  this  axiom  is  sus- 
tained by  the  fact  that  to  generate  steam  of  the  pres- 
sure of  30  pounds  per  square  inch,  about  1,190°  of 
heat  are  required,  while  to  generate  steam  of  120 
pounds  per  square  inch,  about  1,218°  of  heat  are  re- 
quired; that  is  to  say,  to  produce  steam  of  four  times 
the  boiler-pressure,  less  than  ly^Jo  times  the  heat  is 
required.  Again,  a  boiler  pressure  of  240  pounds  per 
square  inch  requires  about  1,235°  of  heat,  or  lyJu 
times  the  heat  of  steam  at  30  pounds,  and  contains 
eight  times  the  initial  force.     Practically,  these  dif- 
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ferences  are  so  small  that  the  same  cousumption  of 
coal  may  be  taken  to  evaporate  the  same  quantity  of 
water,  whatever  the  pressure.  Theoretically,  there- 
fore, we  have  only  to  increase  our  boiler-pressure  to 
reduce  our  consumption  of  fuel.  The  danger  arising 
from  the  use  of  the  old  style  shell-boiler  with  very 
high  pressures  is  causing  them  to  be  displaced  by  the 
sectional  boilers,  two  makes  of  which  we  will  now 
illustrate  and  describe. 

Among  the  first  boilers  introduced  with  the  view 
of  obviating  the  danger  arising  from  the  use  of  .the 
old-fashioned  shell-boilers,  is  the  one  shown  in  Fig. 
29.  The  safety  which  it  secures,  the  ease  with 
which  it  may  be  transported,  erected,  or  removed,  its 
economy,  and  the  general  excellence  of  the  workman- 
ship upon  it,  have  caused  it  to  be  extensively  adopted. 
As  will  be  seen,  the  water  is  contained  in  tubes  placed 
in  a  slanting  position  over  the  fire,  and  constructed 
of  the  best  quality  of  wrought-iron. 

It  will  also  be  seen  that  the  tubes  are  connected 
by  a  very  simple  and  ingenious  arrangement  consist- 
ing of  triangular  castings,  forming  three-way  bends, 
and  held  in  place  by  clamps  and  bolts.  Upon  the 
ends  of  each  tube  are  screwed  hollow  cast-iron  heads, 
each  containing  three  circular  recesses,  in  which  are 
inserted  vulcanized  rubber  rings,  and  upon  these  the 
three-way  bends  before  mentioned  are  secured.  In 
(^se  of  an  accident  to  one  of  the  tubes,  it  may  be 
i'jisily  removed  in  a  few  minutes,  and  a  new  one  in- 
serted ;  or,  in  case  an  extra  tube  is  not  at  hand,  the 
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tnlw  liiuy  be  removed,  ati<l  the  circular  opcnii^  in, 
niljniniiig  licutls,  which  connect  with  it,  closed  by- 
blanks,  and  the  boiler  continued  in  o]>eratiott;  trll  a 
new  tube  is  obtained. 

The  communication  between  the  tubes  is-  made 
lai^e,  go  as  to  counteract  the  tendency  of  the  steam 
to  carry  water  with  it  and  leave  a  tube  partially 
"  empty,  when  a  sudden  demand  for  steam  is  made, 
The  position  of  the  steam-drum,  from  which  the 
Bteam  is  taken  to  supply  the  engine,  and  also  that 
of  the  safety-valve,  are  shown  in  the  cut,  which 
also  gives  an  i<lea  of  the  general  appearance  of  the 
Ixiilcr  when  set. 

In  ease  an  increa'^e  of  boiler  cajtacity  is  desired, 

new  tulies  can    be  added  on 

the   sides   and    top,  and   the 

furnace  enlai^ed  by  removing 

only  the   lirick  work  on  the, 

top   and   on   one   side.     Tlie 

tubes  arc  tested  before  leaving 

the  shop,  up  to  a  pressure  of 

five  hundred   pounds  to  the 

square  inch.     The  boiler  may 

Fij-  2!i.  ^  taken  to  pieces  for  trans- 

(tortation,  so  that  no  part  is- 

too  heavy  to  be  carried,  if  necessary,  in  mountainous 

mining  regions',  upon  the  hack  of  a  mule.     There  is 

no  doubt  that  in  su<th  a  lH>ilora  much  higher  pressure 

ituiy  Ik;  safely  carried  limn    in  an  old-fashioned  one. 

£v(>»  if  a  lube  .should  burst,  it  could  caiHC  but  little 
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(iamage,  and  the'  break  would  immediately  act  as  an 
open  safety-valve  for  the  rest  of  the  boiler. 

We  are  informed  by  the  manufacturers  of  this 
boiler  that  in  some  cases,  through  accident  or 
carelessness,  some  of  the  tubes  have  become  entirely 
emptied  of  water  and  heated  red  hot,  and  that  while 
in  this  condition  they  have  again  been  pumped  full 
of  water  without  drawing  the  fire,  and  without  any 
accident  whatever  occurring.  These  boilers  are  made 
by  the  Abendroth  &  Root  Manu&cturing  Comjxany^ 
New  York  city. 

DESCRIPTION  OF  THE  BABCOCK   &  WILCOX  WATER- 
TUBE   BOILER. 

Construction. 

This  boiler  is  composed  of  lap-welded  wrought-iron 
tabes,  placed  in  an  inclined  position  and  connected 
with  each  other,  and  with  a  horizontal  steam  and 
water  drum,  by  vertical  passages  at  each  end,  while  a 
mud-drum  connects  the  tubes  at  the  rear,  and  lowest 
point  in  the  boiler. 

The  end  connections  are  in  one  piece  for  each  ver- 
tical row  of  tubes,  and  are  of  such  form  that  the 
tubes  are  "  staggered "  (or  so  placed  that  each  hori- 
zontal row  comes  over  the  spaces  in  the  previous 
row).  The  holes  are  aiccurately  sized,  and  the  tubes 
fixed  therein  by  an  expander.  These  are  connected 
with  the  drum,  and  the  mud-drum  also,  by  short 
tubes  expanded  into  bored  holes,  doing  away  with  all 
bolts,  and  leaving  a  clear  pas^ge-way  between  thi; 
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several  parts.  The  opcDings  for  cleaning  opposite 
the  end  of  each  tube  are  closed  by  hand-hole  ptatCB, 
tlie  joints  of  whieh  are  made  in  the  most  thorougli 
manner  by  milling  the  surfaces  to  accurate  metallic 
contact.  They  are  tested  and  made  tight  under  a 
hydrostatic  pressure  of  500  pounds  per  square  inch 


iron  to  iro^i,  and  imthout  rubber  packing,  or  other  per- 

Erection. 
In  erecting  this  boiler,  it  is  suspended  entirely 
independent  of  the  brick-work  or  fire  front,  from 
wn»utrht-iron  girders  resting  on  iron  columns.  Tiiis 
avoids  any  straining  of  the  boiler  from  unequal  ex- 
pansion between  it  and  its  inclosing  walls,  and  per- 
mits the  brick-work  to  be  repaired  or  removed,  if 
necessary,  without  in  any  way  disturbing  the  boiler. 
All  tfie  fixtures,  such  as  fronts,  bearers,  buckstays. 
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gauges,  valves,  etc.,  are  extra   heavy  and  of  neat 
<iesigns. 

Operation. 

The  fire  is  made  under  the  front  and  higher  end 
of  the  tubes,  and  the  products  of  the  combustion 
pass  up  between  the  tubes  into  a  combustion  chamber 
under  the  steam  and  water-drum ;  from  hence  they 
pass  down  between  the  tubes,  then  once  more  up 
through  the  spaces  between  the  tubes,  and  off  to  the 
chimney. 

The  water  inside  the  tubes,  as  it  is  heated,  t^nds  to 
rise  toward  the  higher  end,  and  as  it  is  converted  into 
steam— the  mingled  column  of  steam  and  water  being 
of  less  specific  gravity  than  the  solid  water  at  the 
back  end  of  the  boiler — rises  through  the  vertical 
passages  into  the  drum  above  the  tubes,  where  the 
steam  separates  from  the  water,  and  the  latter  flows 
back  to  the  rear  and  down  again  through  the  tubes 
in  a  continuous  circulation.  As  the  passages  are  all 
large  and  free,  this  circulation  is  very  rapid,  sweeping 
away  the  steam  as  fast  as  formed,  and  supplying  its 
place  with  water ;  absorbing  the  heat  of  the  fire  to 
the  best  advantage;  causing  a  thorough  commingling 
of  the  water  throughout  the  boiler  and  a  consequent 
equal  temperature,  and  preventing,  to  a  great  degree, 
the  formation  of  deposits  or  incrustations  upon  the 
heating  surfaces,  sweeping  them  away  and  deposit- 
ing them  in  the  mud-drum,  whence  they  are  blown 
out. 

The  steam  is  taken  out  at  the  top  of  the  steam- 
9 
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drum,  near  the  back  end  of  the  boiler,  after  it  has 
thoroughly  separated  from  the  water. 

Advantages. 

The  following  are  some  of  the  advantages  which 
are  claimed  for  this  boiler  over  those  of  the  ordinary 
construction : 

1. — Thin  Heating  Surface  in  Fwmace. 

The  thick  plates  necessarily  used  in  ordinary 
lx)ilers,  in  the  furnace,  or  immediately  exposed  to 
the  fire,  not  only  hinder  the  transmission  of  heat 
to  the  water,  but  admit  of  overheating,  and  even 
burning  the  side  next  the  fire,  with  consequent 
strains,  resulting  in  loss  of  strength,  cracks,  and 
tendency  to  rupture.  Water  tubes,  however,  admit 
of  thin  envelopes  for  the  water  next  the  fire,  with 
such  ready  transmission  of  heat  that  even  the  fiercest 
fire  cannot  overheat  or  injure  the  surface. 

2. — Joints  Removed  from  the  Fire. 

Riveted  joints  with  their  consequent  double  thick- 
ness-of  metal,  in  parts  exposed  to  the  fire,  give  rise 
to  serious  diflSculties.  Being  the  weakest  parts  of  the 
structure,  they  concentrate  upon  themselves  all  strains 
of  unequal  expansion,  giving  rise  to  frequent  leaks, 
and  not  rarely  to  actual  rupture.  The  joints  between 
tubes  and  tube  sheets  also  give  much  trouble  when 
exposed  to  the  direct  fire.  These  difficulties  are 
wholly  overcome  by  the  use  of  lap-welded  water 
tubes,  with  their  joints  removed  from  the  fire. 
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3. — Large  Draught  Area, 

This^  which  is  limited  in  fire  tubes  to  the  actual 
area  of  the  tubes,  in  this  boiler  is  the  whole  chamber 
within  which  the  tubes  are  inclosed,  giving  ample 
time  in  the  passage  of  the  heated  gases  to  the  chim- 
ney for  thorough  absorption  of  their  heat. 

4. — Complete  Combustion. 

The  perfection  of  combustion  depends  upon  a 
thorough  mixture  of  the  gases  evolved  from  the 
burning  fuel  with  a  proper  quantity  of  atmospheric 
air;  but  this  perfect  mixture  rarely  occurs  in  ordi- 
nary furnaces,  as  is  proven  by  chemical  analysis,  and 
also  by  the  escape  of  smoke,  upon  the  introduction 
of  any  smoke-producing  fuel.  Even  when  smoke  is 
not  visible,  a  large  percentage  of  the  combustible 
gases  may  be  escaping  into  tlie  chimney,  in  the  form 
of  carbonic  oxide,  or  half-burnt  carbon.  Numerous 
attempts  have  been  made  to  cure  this  evil,  by  ad- 
mitting air  to  the  furnace  or  flues,  to  "  burn  the 
smoke;"  but  though  this  may  allow  so  much  air  to 
mingle  with  the  smoke  as  to  render  it  invisible,  and 
at  the  same  time  ignite  some  of  the  lighter  gases,  it 
in  reality  does  little  to  promote  combustion,  and  the 
cooling  effect  of  the  air  more  than  overbalances  all 
the  advantages  resulting  from  the  burning  gas.  The 
analysis  of  gases  from  various  furnaces  shows  almost 
uniformly  an  excess  of  free  oxygen,  proving  that 
sufficient  air  is  admitted  to  the  furnace,  and  that  a 
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more  thorough  and  perfect  mixing  is  needed.  Every 
particle  of  gas  evolved  from  the  fuel  should  have 
its  equivalent  of  oxygen,  and  must  find  it  while  hot 
enough  to  combine,  in  order  to  be  effective.  In  this 
boiler  the  current  of  gases,  after  leaving  the  furnace, 
are  broken  up  and  thoroughly  mingled  by  passing 
.between  the  staggered  tubes,  and  have  an  opportu- 
nity to  complete  their  combustion  in  the  triangular 
chamber  between  the  tubes  and  drum. 

That  this  does  really  take  place  is  proved  by  an 
analysis  by  Dr.  Behr  of  the  escaping  gases  from  a 
stack  of  these  boilers  at  Matthiessen  &  Weicher's 
sugar-refinery.  He  made  many  separate  analyses  at 
different  times,  and  in  no  case  was  there  more  than  a 
trace  of  carbonic  oxide,  even  when  there  was  less 
than  one  per  cent,  of  uncombined  oxygen. 

5. — Thorough  Absorption  of  the  Heat 

There  are  important  advantages  gained  in  this  re- 
spect in  consequence  of  the  course  of  the  gases  being 
more  nearly  vertical  to  the  heating  surface,  imping- 
ing thereon  instead  of  i^liding  by  in  parallel  lines  as 
in  fire-tube  boilers.  The  currents  passing  three  times 
across  and  between  the  staggered  tubes  are  brought 
intimately  in  contact  with  all  parts  of  the  heating 
surface,  rendering  it  much  more  efficient  than  the 
same  area  in  ordinary  tubular  boilers. 

The  experiments  of  Dr.  Alban  and  of  the  U.  S. 
Nav^iJuive  proved  that  a  ^Jven  surface  arrantred  in 

••••    •t  •  •  *  • 

•  •    •  • 
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that  nmnner  is  30  per  cent,  more  efficacious  than 
wheu  in  the  form  of  fii-e  tubes  as  usualJy  employed. 

6. — EJicient  Circulation  of  Water. 

As  all  the  water  in  the  boiler  tends  to  circulate  in 
one  direction,  there  are  no  interfering  currents;  the 
steam  is  carried  quickly  to  the  surface,  all  parts  o£ 
the  boiler  are  kept  at  a  nearly  equal  temjK?rature, 
preventing  unequal  strains,  and  by  the  rapid  sweep- 
ing current  the  tendency  to  deposit  sediment  on  the 
heating  surface  is  materially  lessened. 

7. — Quick  Steaming, 

The  water  being  divided  into  many  small  streams, 
in  thin  envelopes,  passing  through  the  hottest  part 
of  the  furnace,  steam  may  be  rapidly  raised  in  start- 
ing, and  sudden  demands  upon  the  boiler  may  be 
met  by  a  quickly  increased  efficiency. 

8. — Dfyness  of  Steam, 

The  large  disengaging  surface  of  the  water  in  the 
drum,  together  with  the  fact  tliat  the  steam  is  de- 
livered at  one  end  and  taken  out  at  the  other,  secures 
a  thorough  separation  of  the  steam  from  the  water, 
even  when  the  boiler  is  forced  to  its  utmost.  Many 
boilers  make  wet  steam,  "priming"  or  "foaming,"  as 
it  is  called,  and  in  many  "superheating  surface"  is 
provided  to  dry  the  steam  thus  formed;  but  such 
surface  is  always  a  source  of  trouble,  and  is  incapable 
of  being  graduated  to  the  varying  requirements  of 
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the  steam.     Hence  a  boiler  which  makes  dry  steam 

is  to  be  preferred  to  one  that  dries  steam  wliich  lias 

been  made  wet.  , 

'] 
9. — Steadiness  of  Waiei*  Level, 

The  large  area  of  surface  at  the  water  line,  and  the 
ample  passages  for  circulation  secure  a  steadiness  of 
water  level  not  surpassed  by  any  boiler. 

10. — Freedom  for  Expansion, 

The  triangular  arrangement  of  the  parts  forming  a 
flexible  structure  allows  any  member  to  expand 
without  straining  any  other,  the  expanded  connec- 
tions being  also  amply  elastic  to  meet  all  necessities 
of  this  kind.  This  is  of  great  importance,  because 
the  weakening  effect  of  these  strains  of  unequal  ex- 
])ansion  between  rigidly  connected  parts  is  a  prolific 
cause  of  explosions  in  ordinary  boilers.  The  rapid 
circulation  of  the  water,  however,  in  this  boiler,  by 
keeping  all  parts  at  the  same  temperature,  prevents 
to  a  large  extent  unequal  expansion. 

n. — Safety  from  Explosions, 

The  freeilom  from  unequal  expansion  avoids  th*> 
most  frecjuent  cause  of  explosions,  while  the  division 
of  the  water  into  small  masses  prevents  serious 
destructive  effects  in  case  of  accidental  rupture.  The 
comparatively  small  diameter  of  the  parts  secures, 
even  with  thinness  of  surface,  great  excess  of  strength 
over  any  pressure  which  it  is  desirable  to  use.    So 
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powerful  is  the  circulation  of  the  water,  that  no  part 
win  be  uncovered  to  the  fire  until  the  quantity  of 
water  in  the  boiler  is  so  far  reduced  that  if  over- 
heating should  occur  no  explosion  could  result. 

1 2. — Durability . 

Besides  the  important  increase  of  durability  dud 
to  the  absence  of  deteriorating  strains,  and  of  thick 
plates  and  joints  in  the  fire,  there  is  no  portion  of  the 
boiler  exposed  to  the  abrasive  action  which  so  rapidly 
destroys  the  ends  of  fire  tubes,  or  the  blow-pipe 
action  of  the  flame  upon  the  crown  sheet,  bridge 
walls,  and  tube  sheets,  and  which  is  so  destructive 
frequently  to  ordinary ,'particularly  locomotive  boilers. 
Neither  is  there  any  portion  of  the  surface  above  the 
water  level  exj)osed  to  the  fire. 

13. — Least  Loss  of  Effect  from  Dxid. 

The  ordinary  fire  tube,  or  flue,  receiving  the  dust 
from  the  fire  on  the  interior,  is  quickly  covered  from 
one-third  to  one-half  its  surface,  and  in  time  is  com-^ 
pletely  filled.  The  water-tube,  however,  will  retain 
but  a  limited  quantity  on  its  upper  side,  after  whicli 
it  becomes  in  a  measure  self-cleaning. 

14. — Accessibility  for  Cleaning, 

This  is  of  the  greatest  importance,  and  is  secured 
to  the  fullest  extent.  Hand  holes,  with  metal  joints, 
opposite  each  end  of  each  tube,  permit  access  thereto 
for  cleaning,  and  a  manhole  in  the  steam  and  water 
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drum,  and  bonnet  in  mud  drum,  are  provided  for  the 
»ame  purpose.  All  portions  of  both  the  exterior  and 
interior  surface  are  fully  accessible  for  cleaning.  The 
occasional  use  of  steam  through  a  blowing  pipe  at- 
tached to  a  rubber  hose  operated  through  doors  in  the 
side  walls,  will  keep  the  tul)es  free  from  soot  and  in 
condition  to  receive  the  heat  to  the  best  advantage. 

15. — Ease  of  Transportation, 

Being  made  in  sections,  which  are  readily  put  to- 
getiier  with  a  simple  expanding  tool,  these  boilers 
may  be  easily  and  cheaply  transported  where  it  would 
be  wholly  impossible  to  place  a  boiler  of  ordinary 
construction.  They  can  be  *made  in  ])art.s  small 
enough  for  mule  transportation,  if  required. 

16.: — Repairs, 

As  now  constructed  these  boilers  seldom  require 
repairs,  but  should,  from  any  cause,  such  be  necessary, 
any  good  mechanic  can  make  them  with  the  tools 
usually  found  in  boiler  shops.  Should  a  tube  require 
to  be  renewed,  it  can  be  removed,  and  a  new  one  sub- 
i^tituted  the  same  as  in  a  tubular  boiler. 

17. — Capacity. 

This  is  a  point  of  the  greatest  importance,  and 
upon  it  dejiends,  in  a  large  measure,  the  satisfactory 
performance  of  any  boiler  in  several  particulars. 
Unless  sufficient  steam  and  water  capacity  is  pro- 
vided, there  will   not  be  regularity  of  action;  the 
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steam  pressure  will  suddenly  rise  and  as  suddenly 
fall,  and  the  water  level  will  be  subject  to  frequent 
and  rapid  changes;  and  if  the  steam  is  drawn  sud- 
denly from  the  boiler,  or  the  boiler  crowded,  wet 
steam  will  result. 

The  proportions  of  this  boiler  have  been  adopted 
after  numerous  experiments  with  boilers  of  varying 
capacity;  and  experience  has  established  that  this 
boiler  can  be  driven  to  the  utmost,  carrying  a  steady 
water  level  and  steam  pressure,  and  always  furnishing 
dry  steam. 

The  cubical  capacity  of  this  boiler,  per  horse-power, 
is  equal  to  that  of  the  best  practice  in  tubular  boilers 
of  the  ordinary  construction.  The  fire  surface  being 
of  the  most  effective  character,  these  boilers  will, 
with  good  fuel  and  a  reasonably  economical  engine, 
greatly  exceed  their  rated  power,  though  it  is  seldom 
economy  to  work  a  boiler  above  its  nominal  power. 
The  space  occupied  by  the  boiler  and  setting  is  equal 
to  about  two-thirds  that  of  the  same  power  in  tub- 
ular boilers. 

The  Pond  &  Bradford  Sectional  Boiler. 

Fig.  31.  A  represents  a  steam  drum,  which  is 
made  of  tlie  best  brand  of  iron,  24"  in  diameter, 
and  /g"  in  thickness,  while  the  length  is  governed 
by  the  number  of  sections  of  tubes  required  to  be 
attached  to  it.  This  drum  has  two  double  riveted 
longitudinal  seams  on  the  sides  where  they  are  not 
exposed  to  the  fire.     The  heads  are  made  of  wrought- 
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iron,  well-stayed.  A  raan-hole  is  placed  in  one  end, 
by  means  of  which  all  the  parts  are  easily  accessible. 
The  sections  are  attached  by  means  of  well-riveted 
joints  to  the  bottom  of  the  drum.  The  different 
sections  are  made  after  the  following  manner:  malle- 
able iron  or  steel  spherical-shaped  sections^  or  con- 
necting spheres,  are  attached  to  each  other  by 
wrought-iron  tubes,  3^'  in  diameter,  fitted  into  holes 
bored  to  fit  the  tube,  which  is  then  inserted,  and 
expanded  with  a  suitable  tool,  thereby  making  a 
thoroughly  tight  and  secure  joint. 

Within  each  of  the  3"  tubes  are  placed  others  of 
the  same  material,  1^^^  in  diameter,  and  fitted  and 
expanded  in  the  same  manner,  but  with  this  differ- 
ence :  the  3"  tubes  are  attached  to  the  side  of  the 
sphere,  while  the  IJ"  tubes  pass  directly  through, 
and  are  fitted  to  the  opposite  side.  By  this  arrange- 
ment it  will  be  understood  that  the  water  is  contained 
between  the  outside  and  inside  tubes,  while  the  IJ" 
tubes  are  open  at  the  ends.  The  heat  passing  inside 
the  IJ"  tubes,  and  outside  of  the  3"  tubes,  greatly 
increases  the  heating  surface.  Thus  it  is  claimed  by 
the  inventors  to  generate  steam  rapidly,  and  with  the 
smallest  amount  of  fuel.  In  the  centre  of  all  these 
tubes  is  placed  a  large  tube  of  5"  diameter,  which 
contains  water,  and,  in  practice,  the  water  rises  in  all 
the  3"  tubes,  and  descends  through  the  5"  centre 
tube,  thus  insuring  a  gocxl  circulation,  which  is  a  very 
essential  point  in  steam  boilers.  The  lx)ttom  of  each 
section  is  provided  with  an  opening,  which  is  covered 
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by  a  plate.  By  removing  these  plates,  the  bottom  of 
each  section  can  be  readily  washed  and  insji^cted. 
The  flanges  to  which  these  plates  are  attached,  also 
thorie  on  top  of  the  sections,  are  drilled  to  the  same 
template,  thereby  allowing  the  sections  to  be  reversal 
when  the  lower  part  becomes  corroded  or  wasted  by 
the  action  of  the  fire.  Each  of  the  joints  on  the 
sections  are  feced  and  put  tf^ether  with  asbestos 


Fig.  31. 

packing,  upon  which  the  fire  has  no  effect  Two 
bars  of  square  iron  arc  placed  across  throu}i;h  each 
section,  thereby  making  it  possible  to  remove  any 
section  for  inspection  repairs  withont  disturbing  any 
of  the  others.  The  bottom  of  each  section  is  con- 
nected with  the  pipe,  which  is  of  sufficient  capacity 
to  insnre  a  nniforin  water  level, 

The  pipes  are  large,  and,  as  represented,  arc  con- 
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nected  with  the  lowest  and  highest  points  in  the  boiler, 
thereby  avoiding  the  difficulties  which  appear  with 
Home  other  arrangements.  The  hot  air  and  gases  rise 
from  the  fire  between  the  wall  and  bridge  wall,  and 
coming  in  contact  with  the  steam  drum  pass  along 
through  an  opening  into  the  combustion  chamber 
between  the  walls,  where  in  their  downward  course 
the  gases  and  smoke  are  claimed  to  be  nearly,  if  no^ 
perfectly,  consumed.  The  passage  leads  to  the  chim- 
ney. There  should  always  be  a  damper  in  this 
passage,  so  as  to  retain  the  heat,  to  insure  the  most 
perfect  economy,  as  great  losses  occur  continually  by 
allowing  the  heat  to  pass  off  at  too  high  a  tempera- 
ture. The  water  may  be  carried  as  high  as  may  be 
desired,  but  it  is  thought  best  to  carry  it  as  repre- 
sented in  the  cut,  and  take  the  steam  from  the  center 
of  the  steam  drum  so  as  to  draw  on  all  parts  of  the 
boiler  equally.      "* 

Bates's  Patent  Steam  Generator. 

The  following  description  is  taken  substantially 
from  the  specifications  of  the  patent,  which  was 
granted  September  10,  1878.  A  is  the  main  cylin- 
drical body  of  the  boiler,  from  end  to  end  of  which 
extend  a  series  of  tubes,  a.  On  the  under  side,  at 
the  rear  end  of  the  body,  is  the  leg,  -4',  of  the  same 
width  as  and  communicating  with  the  main  body, 
the  same  leg  being  semi-cylindrical  at  the  bottom, 
and  the  opposite  flat  sides,  6,  6',  being  strengthened 
with  citable  transverse  stays  passing  l)etween   the 
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series  of  tubes,  d,  which  extend  from  front  to  back 
of  the  leg. 

The  main  body,  A,  of  the  l^oiler  is  situated  directly 
above  the  furnace,  which  has  the  usual  grate  bars, 
D;  ash-pit,  E;  and  bridge,  G;  so  that  the  lower 
portion  of  the  main  bo<ly,  A,  is  exposed  to  the  pro- 
ducts of  combustion  aa  they  pass  toward  and  over 
the  bridge  into  the  flue,  H,  at  the  rear  of  the  same. 

The  direct  course  of  the  products  of  combustion 
is  abruptly  interrupted    by   the   leg,  A',  the   main 


Fig.  33. 

portion  of  which  is  below  the  level  of  the  bridge, 
and  hence  the  leg  is  subjected  to  greater  heat  tliaii 
any  other  ]>art  of  the  boiler. 

The  products  of  combustion,  after  passing  thronjih 
the  tubes  of  the  leg,  and  through  and  between  the 
front,  side  and  back  walls,  return  through  tubes,  a, 
in  the  body  of  the  boiler  to  the  front  of  the  same, 
whence  they  are  conducted  through  flues,  i,  i,  to  the 
chimney. 

It  has  been  found  in  practice  that  by  this  arrange- 
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ment  of  the  leg,  A\  and  its  tubes  at  the  rear  of  th^j 
boiler,  and  by  its  location  in  the  flue  at  the  rear  of 
and  below  the  top  of  the  bridge,  so  that  the  leg  shall 
be  the  hottest  part  of  the  boiler,  two  important  re- 
sults are  obtained — viz.,  the  rapid  generation  of  steam 
and  the  constant  and  free  circulation  of  water  in  the 
boiler. 

Steam-boilers  have  previously  been  so  constructed 
that  the  products  of  combustion  shall  pass  first 
through  one  set  of  tubes  in  a  lower  part  of  the  boiler, 
and  return  through  another  set  of  tubes  in  upper  part 
of  the  same;  but  steam-boilers  of  this  class  have  here- 
tofore been  self-contained — that  is,  with  water-spaces 
at  the  sides  of  the  fire-place,  and  with  shells  of  such 
a  character  at  the  rear  (where  the  lowest  set  of  tubes 
occurs)  as  to  demand  an  expensive  system  of  stays, 
whereas  the  shell  of  this  improved  boiler  consists  of 
simply  a  long  cylinder,  united  by  flat  sides  to  a  short 
leg  having  a  semi-cylindrical  base,  and  can  be  much 
more  economically  constructed  than  ordinary  boilers 
of  the  class  to  which  it  relates. 

A  water-heater,  J^  is  built  in,  and,  in  fact,  forms 
the  upper  part  of  the  bridge,  G;  the  water  being 
introduced  into  this  heater  through  a  pipe,  Jf,  which 
extends  nearly  to  one  end  of  the  heater,  and  is  con- 
veyed from  the  latter  through  two  pipes,  iVW, 
near  the  opposite  end,  the  said  pipes  communicating 
with  the  leg,  A\  of  the  boiler;  so  that  a  constant 
circulation  of  water  through  the  heater,  /,  is  insured. 

The   heater   consists   of  a   vessel    made   of  steel 
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plates,  and  is  preferably  of  cylindrical  form.  Steel 
is  calculated  to  effectually  resist  the  intense  heat  to 
which  the  heater  must  be  subjected,  and. which  would 
rapidly  destroy  a  heater  made  of  wrought-iron 
plates. 

It  has  been  found  that  by  forcing  the  heated  water 
into  the  leg  of  the  boiler  the  accumulation  of  sedi- 
ment in  the  body.  A,  of  the  boiler  is  prevented,  owing 
to  the  fact  that  the  heat  of  the  water  in  the  leg,  J.', 
causes  the  deposit  of  the  impurities  as  soon  as  the 
feed-water  enters  the  boiler,  the  sediment  being  thus 
caused  to  accumulate  on  the  bottom  of  the  leg,  -4', 
where  it  is  below  the  line  of  great  heat,  and  conse- 
quently does  not  tend  to  hasten  the  burning  out  of 
the  boiler-plates. 

The  gas-burner,  which  is  shown  to  the  right  and 
below  the  steel  feed-water  heater,  was  patented  June 
13,  1876,  by  Mr.  Bates.  Its  object  is  to  produce 
complete  and  effectual  combustion.  By  this  appli- 
ance fresh  air  is  injected,  and  this  heated  to  a  very 
high  temperature  before  it  mingles  with  and  ignites 
the  gases. 

The  idea  was  first  suggested  to  Mr.  B.  nearly  six- 
teen years  ago,  and,  after  some  experiments,  he  made 
application  for  a  patent  for  heating  and  supplying 
fresh  hot  air  to  mingle  with  the  gases  as  it  passes 
over  the  bridge-wall.  The  gases  there  ignite,  and 
the  flame  is  carried  under  the  boiler  and  through  the 
lower  set  of  tubes,  and  around  the  vertical  sides 
where  there  is  4"  space.     As  arranged  u!uler  this 
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patent  duplex  eteam  geaeratur  it  is  claimed  to  make 
a  perfect  combustion. 

The  gr^«-bar  herewith  shown  was  patented  by 
Mr.  Bates,  June  13,  1876.  It  is  a  lock-bar  giving  a 
free  circulation  of  air  throughout  tlie  grate. 

Ill  a  teat  made  by  Mr.  John  Cherry,  engineer  at 

Schofield's  Mills,  Manayunk,  with  a  60-inch  Bates 

Steam    Generator,    tinie 

ten     hours,    with    fee<l- 

water  entering  the  boiler 

at    about    140°,    10.518 

pounds     of     water    was 

evaporated     by     every 

pound  of  coal. 

1      In  order,  however,  to 

Fig.  33.  reduce    tiic  loss  of  heat 

to  the  smallest  amount  pos!>!ble,  Mr.  Bates  has  added 

the  steam  drum  shown   in   Fig.  33,   besides  minor 

alterations  in  bridge-wall  and  other  parts,  which  can 

1)0  best  understoo<l  by  comparison  of  the  two  Figs., 

32  and  33. 

Requirements  of  a  Perfect  Steam  Boiler. 

1st.  It  should  be  simple  in  construction,  and  be 
made  of  the  best  materials  sanctioned  by  use. 

2d.  It  should  have  a  constant  and  thorough  cir- 
culation of  water  throughout  the  boiler,  so  aa  to 
maintain  all  parts  at  one  temperature. 

3d.  It  should  be  provided  with  a  mud-drum  to 
receive  all  impurities  deposited  from  the  water  in  u 
plu(M3  removed  from  the  action  of  the  lire. 
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4th.  It  should  be  provided  with  a  combustion- 
chamber,  so  arranged  that  the  combustion  of  the 
^ases  commenced  in  the  furnace  may  be  completed 
before  the  escape  to  the  chimney. 

5th.  All  parts  should  be  readily  accessible  for 
cleaning  and  repairs.  This  is  a  point  of  the  greatest 
imiK)rtance  as  regards  safety  and  economy,  and  has 
heretofore  been  possessed  only  by  plain  cylinder  and 
large  flue  boilers. 

6th.  The  heating  surface  should  be  arranged  as 
nearly  as  possible  at  right  angles  to  the  currents  of 
heated  gases,  and  so  break  up  the  currents  as  to  ex- 
tract the  entire  available  heat  therefrom. 

7th.  The  boiler  should  have  a  large  water  surface 
for  the  disengagement  of  the  steam  from  the  water 
in  order  to  prevent  foaming. 

8th.  It  should  have  large  and  free  passages  be- 
tween the  different  sections  to  equalize  the  water  line 
and  pressure  in  all. 

9th.  It  should  have  a  steam  and  water  capacity 
sufficient  to  prevent  sudden  fluctuation  in  pressure  or 
water  level. 

10th.  It  should  have,  if  possible,  no  joints  exposed 
to  the  direct  action  of  the  fire. 

11th.  It  should  have  a  great  excess  of  strength 
over  any  legitimate  strain,  and  should  be  so  con- 
structed as  not  to  be  liable  to  be  strained  by  unequal 
expansion. 

12th.  It  should  be  durable  in  construction,  and 
not  liable  to  require  early  repairs. 


1 


114       PRACTICAL  8TEAM   ENGIKEEK'S  6UID£. 

13th.  The  water  space  should  be  divided  into  seo 
tions,  and  so  arranged  that  sliould  any  section  give 
out,  no  general  explosion  can  occur,  and  the  destruc- 
tive effects  will  be  confined  to  the  simple  escape  of 
the  contents.  ■    • 

14th.  It  should  he  proportioned  for  the  work  to 
l)e  done,  and  be  capable  of  working  to  its  full  rated 
cjapacity  with  the  highest  economy. 

15th.  It  should  be  provided  with  the  very  best 
gauges,  safety  valves,  and  other  fixtures. 

Horse-power  of  Boilers. 

Strictly  speaking,  there  is  no  such  thing  as  " horse- 
power'^  to  a  steam  boiler;  it  is  a  measure  only  ap- 
plicable to  dynamic  effect.  But  as  boilers  are  neces- 
sary to  drive  steam-engines,  the  same  measure  applied 
to  steam-engines  has  come  to  be  universally  applied 
to  the  boiler,  and  cannot  well  be  discarded.  In 
consequence,  however,  of  the  different  quantities  of 
steam  necessary  to  produce  a  horse-power  with  differ- 
ent engines,  there  has  been  great  need  of  an  ac- 
cepted standard  by  which  the  amount  of  boiler 
re(juired  to  provide  steam  for  a  commercial  horse- 
jHiwer  may  be  determined. 

This  standard,  as  fixed  by  Watt,  was  one  cubic 
loot  of  water  evaporated  per  hour  from  212°  for 
each  horse- power.  This  was,  at  that  time,  the  re- 
quirement of  the  best  engine  in  use.  At  the  present 
time,  Prof.  Thurston  estimates  that  .the  water  re- 
el ui  red  per  hour,  per  horse-power,  in  good  engines  is 
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^ual  to  th^  constant  200,  divided  by  the  square  root 
of  the  pressure,  and  that  in  the  best  engines  this 
constant  is  as  low  as  150.  This  would  pve  for  good 
engines,  working  with  {54  lbs.  pressure,  25  lbs.  water, 
and  for  the  best  engines,  working  with  100  lbs.,  only 
15  lbs.  water  per  hourly  horse-power. 

The  standard,  therefore,  adopted  by  the  judges  at 
the  late  Centennial  Exhibition,  of  30  lbs.  water  per 
hour,  evaporated  from  212°,  for  each  horse-power,  is 
a  fair  one  for  both  boilers  and  engines,  and  has  been 
favorably  received  by  engineers  and  steam  users; 
but  as  the  same  boiler  may  be  made  to  do  more  or 
less  work  with  less  or  greater  economy,  it  should  also 
be  required  that  the  rating  of  a  boiler  be  based  on 
the  amount  of  water  it  will  evaporate  at  its  most 
economical  rate. 

A  fault  frequently  met  with  in  steam  boilers  is  the 
carrying  over  of  water  mechanically  mixed  with  the 
steam,  which  water  not  only  carries  away  heat  with- 
out any  useful  effect,  but,  when  present  in  any 
marked  quantity,  itself  becomes  a  source  of  danger 
and  of  serious  loss  in  the  engine.  Many  boilers 
show  a  high  apparent  evaporation  in  consequence 
of  furnishing  "wet  steam,"  while  practically  they 
are  anything  but  economical.  Parties  have  been 
known  to  claim  an  evajwration  of  19  to  20  pounds 
per  pound  of  coal,  where  the  highest  practically  pos- 
sible is  not  over  13.  Such  boilers  are  dear  at  any 
price. 

The  cause  of  priming  may  be  either  impure  water^ 
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too  much  water,  or  improper  pro{)ortions  in  the 
hoiler.  When  a  boiler  is  found  to  form  wet  steam 
with  good  water,  carried  at  a  proper  height,  it  is  a 
proof  of  wrong  design. 

The  amount  of  priming  in  different  boilers  varies 
greatly,  and  as  yet  there  is  not  sufficient  data  to 
est4iblish  any  definite  ratio  for  boilers  in  ordinary  use. 
The  experiments  of  M,  Hirn,  at  Mulhouse,  showed 
an  average  of  at  least  6  per  cent. ;  Zeuner  sets  it  down 
as  approximately  from  7 J  to  15  per  cent.,  while  the 
careful  experiments  at  the  American  Institute  in  1871 
show  in  cylindrical  tubulars  7.9  per  cent. 

Efficiency  of  the  Furnace. 

A  steam  generator  is  composed  of  two  distinct 
parts,  each  with  its  independent  function.  The 
furnace  is  for  the  proper  combustion  of  the  fuel,  and 
its  duty  is  performed  to  perfection  when  the  greatest 
amount  of  heat  is  obtained  from  the  given  weigh C 
of  combustible.  The  boiler  proper  is  for  the  transfer 
of  the  heat  thus  generated  into  useful  effect  by  evap- 
orating water  into  steam,  and  its  function  is  fulfilled 
completely  when  the  greatest  possible  quantity  of 
heat  is  tims  utilized.  To  a  lack  of  appreciation  of 
tills  fact,  and  of  a  knowledge  of  the  principles  in- 
volved, are  chargeable  much  waste  of  money  and  dis- 
appointment, both  to  inventors  and  steam  users. 

Combustion. 

Combustion  may  be  defined  as  "the  union  of  two 
dissimilar  substances,  evolving  light  and  heat."     In 
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ordinary  practice,  one  of  these  is  always  the  oxygen 
in  the  atmosphei*e,  and  the  other  is  the  fuel  employed. 
Every  pound  of  fuel  requires  a  given  quantity  of 
oxygen  for  its  complete  combustion,  iand  thus  a  given 
quantity  of  air.  This  varies  with  different  fuels,  but 
in  every  case  less  air  prevents  complete  combustion, 
and  an  excess  of  air  causes  waste  of  heat  to  the 
amount  required  to  heat  it  to  the  temperature  of  the 
escaping  gas. 

Prof.  Schwackhoffer,  of  Vienna,  found  in  the 
boilers  used  in  Europe  an  average  excess  of  70  per 
cent,  of  the  total  amount  passing  through  the  fire 
— or  that  over  three  times  the  theoretical  amount  was 
used. 

A  series  of  analyses  by  Dr.  Behr  of  the  escaping 
gases  from  a  Babcock  &  Wilcox  boiler,  with  chimney 
draft,  showed  an  average  excess  of  air  equal  to  48 
per  cent,  of  the  whole  quantity. 

A  series  of  12  tests  made  by  the  same  with  arti- 
ficial blast,  gave  an  average  excess  of  only  22  per 
cent,  of  the  whole  quantity,  and  in  a  few  cases  none 
at  all,  with  only  traces  of  carbonic- oxide,  showing 
perfect  combustion. 

In  a  summary  of  experiments  made  in  England^ 
published  in  Bourne's  late  large  work,  ^*  Steam,  Air 
and  Gas  Engines/'  it  is  stated  that : 

"A  moderately  thick  and  hot  fire,  with  rapid  draft, 
uniformly  gave  the  best  results. 

"  Combustion  of  black  smoke  by  additional  air  was 
a  lc)ss. 
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.  "  In  all  experiments  the  highest  result  was  always 
obtained  when  all  the  air  was  introduced  through  the 
fire  bars. 

"  Difference  in  mode  of  firing  only,  may  produce  a 
difference  of  13  per  cent."  in  economy. 

Boiler  Efficiency. 

As  a  boiler  is  for  making  steam,  it  can  only  utilize 
for  that  purpose  heat  of  a  greater  intensity  or  higher 
temperature  than  the  steam  itself,  therefore  the 
jj^ases  of  combustion  cannot  be  reduced  below  that 
temperature,  and  the  heat  thereby  represented  is  lost. 
The  amount  of  this  loss  will  depend  upon  the  amount 
of  air  admitted  to  the  furnace,  and  the  increase  of 
temperature  at  which  it  escapes.  The  more  air  ad- 
mitted the  greater  the  loss;  hence  the  fallacy  of  all 
those  schemes  which  admit  air  above  the  fire. 

The  rate  of  combustion  should  not  exceed  0.3 
pound  of  coal  per  hour  per  square  foot  of  heating 
surface,  except  where  qiiantity  of  steam  is  of  greater 
importance  than  economy  of  fuel.  Where  a  blast  is 
used,  the  grate  surface  should  be  proportionately  re- 
duced to  secure  the  best  economy. 

"The  maximum  conductivity  or  flow  of  heat  is 
secured  by  so  designing  the  boiler  as  to'  secure  rapid, 
steady,  and  complete  circulation  of  the  water  within 
it  ...  .  and  securing  opposite  directions  of  flow 
for  the  gases  on  the  one  side  and  the  water  on  the 
other."  * 


*Prof.  II.  H.  Thurston. 


STANDARD  AMERICAN   STATIONARY   BOILERS.     119 

wjj  The  accumulation  of  scale  on  the  interior,  and  of 

4  soot  on  the  exterior,  will  seriously  affect  the  efficiency 

and  economy  of  the  boiler.     Only  one-eighth  of  an 
n  inch   deposit  of   soot   renders    the   heating  surface 

practically  useless.  Only  one-sixteenth  of  an  inch 
of  scale  or  sediment  will  cause  a  loss  of  13  per  cent, 
in  fuel.  The  result  of  a  bad  setting  for  a  boiler  has 
been  known  to  be  a  loss  of  21  per  cent,  in  economy. 


FueL 

The  value  of  any  fuel  is  measured  by  the  numl)er 
of  heat  units  which  its  combustion  will  generate.  A 
unit  of  heat  is  the  amount  required  to  heat  one  pound 
of  water  one  degree  Fahrenheit.  The  fuel  used  in 
generating  steam  is  composed  of  carbon  and  hydrogen, 
and  ash,  with  sometimes  small  quantities  of  other 
substances  riot  materially  affecting  its  value, 

"Combustible"  is  that  portion  which  will  burn, 
the  ash  or  residue  varying  from  2  to  36  per  cent,  in 
different  fuels. 

The  effective  value  of  all  kinds  of  wood  per 
pound,  when  dry,  is  substantially  the  same. 

"  Slack,"  or  the  screenings  from  (;oaI,  when  properly 
mixed — anthracite  and  bituminous — and  burned  by 
means  of  a  blower  on  a  grate  adapted  to  it,  is  nearly 
equal  in  value  of  combustible  to  coal,  but  its  per- 
centage of  refuse  is  greater. 

A  number  of  firms  are  using  slack  with  decided 
economy,  under  Babcock  &  Wilcox  boilers,  in  which 
there  is  ample  space  below  the  tubes  for  the  (hist  to 
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accumulate  without  covering  heating  surface  or  ito- 
pairing  the  draft. 

Incrustation  and  Scale. 

Nearly  all  waters  contain  foreign  substances  in 
greater  or  less  degree,  and  though  this  may  he  a 
small  amount  in  each  gallon,  it  becomes  of  impor- 
tance where  large  quantities  are  evaporated.  For  in- 
stance, a  100  H.  P.  boiler  evaporates  30,000  lbs. 
water  in  ten  hours,  or  390  tons  per  month ;  in  a  com- 
paratively pure  water  there  would  be  88  pounds  of 
solid  matter  in  that  quantity,  and  in  many  kinds  of 
spring  water  as  much  as  2,000  lbs. 

The  nature  and  hardness  of  the  scale  formed  of 
this  matter  will  de])end  upon  the  kind  of  substances 
held  in  solution  and  suspension.  Analyses  of  a  great 
variety  of  incrustations  show  that  carbonate  and  sul- 
phate of  lime  form  the  larger  part  of  all  ordinary 
scale,  that  from  carbonate  being  soft  and  granular, 
and  that  from  sulphate  hard  and  crystalline.  Or- 
ganic substances  in  connection  with  carbonate  of  lime 
will  also  make  a  hard  and  troublesome  scale. 

The  presence  of  scale  or  sediment  in  a  boiler  re- 
sults in  loss  of  fuel,  burning  and  cracking  of  the 
boiler,  predisposes  to  explosion,  and  leads  to  exten- 
sive repairs.  ,It  is  estimated  that  the  presence  of  ^^ 
inch  of  scale  causes  a  loss  of  13  per  cent,  of  fuel,  ^ 
inch  38  per  cent., and  J  inch  60  percent.  The  Rail- 
way Master  Mechanics'  Association  of  the  United 
States  estimates  that  the  loss  of  fuel,  extra  repairs^ 
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etc.,  due  to  incrustation,  amount  to  an  average  of 
$750  per  annum  for  every  locomotive  in  the  Middle 
and  Western  States,  and  it  must  be  nearly  the  same 
for  the  same  power  in  stationary  boilers. 

Mean9  of  Prevention. 

It  is  absolutely  essential  to  the  successful  use  of 
any  boiler,  except  in  pure  water,  that  it  be  accessible 
for  the  removal  of  scale  ;  for  though  a  rapid  circula- 
tion of  water  will  delay  the  deposit,  and  certain 
chemicals  introduced  into  the  water  will  lessen  it, 
yet  the  only  certain  cure  is  periodical  inspection  and 
mechanical  cleaning.  This  may,  however,  be  ren- 
dered less  frequently  necessary,  and  the  use  of  very 
bad  water  more  practical,  by  the  use  of  some  preven- 
tives. The  following  are  a  fair  sample  of  those  in 
use,  with  their  results : 

Waters  containing  bicarbonate  of  lime  in  solution 
may  be  caused  to  deposit  a  considerable  portion  of 
the  same  by  simply  heating  to  212^,  which  drives  off 
a  {)ortion  of  carbonic  acid,  and  reduces  the  bicarbon- 
ate to  the  insoluble  carbonate.  This  principle  is  the 
basis  of  a  large  number  of  heaters  and  "  lime-catch- 
ers," but  it  has  no  effect  on  other  impurities. 

The  addition  of  milk  of  lime  or  of  metallic  zinc 
has  a  similar  effect,  and  they  have  been  used  with 
success  in  waters  charged  with  bicarbonate  of  lime; 
but  on  sulphate  of  lime  they  have  no  action. 

Oak,  hemlock,  and  other  barks  and  woods,  sumac, 
catechu,  logwood,  ete.,  are  effective  in  waters  con- 
11 
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taining  carbonates  of  lime  or  magnesia,  by  reason  of 
their  tannic  acid,  but  are  injurious  to  the  iron,  and 
not  to  be  recommended. 

Molasses,  cane-juice,  vinegar,  fruits,  distillery  slops, 
etc.,  have  been  used  with  success  so  far  as  scale  is 
concerned,  by  reason  of  the  acetic  acid  which  they 
contain ;  but  this  is  even  more  injurious  to  the  iron 
than  tannic  acid,  while  the  organic  matter  forms  a 
scale  with  sulphate  of  lime  when  it  is  present. 

All  "anti-incrustators"  containing  organic  mat- 
ter are  to  be  avoided.  M.  Bidard's  observations 
show  that  they  help  rather  than  hinder  incrusta- 
tions. 

Barium  chloride  and  milk  of  lime  are  used  with 
good  effect  at  Krupp's  Works,  in  Prussia,  for  waters 
impregnated  with  gypsum. 

Soda  ash  and  other  alkalies  are  very  useful  in 
waters  containing  sulphate  of  lime,  by  converting 
it  into  a  carbonate,  and  so  forming  a  soft  scale,-  easily 
cleaned.  But  when  nsed  in  excess  they  cause  foam- 
ing, particularly  where  there  is  oil  coming  from  the 
engine,  with  which  they  form  soap.  All  soapy  sub- 
stances are  objectionnhle  for  the  same  reason. 

Petroleum  has  been  much  used  in  late  years.  It 
acts  best  in  waters  in  which  sulphate  of  lime  pre- 
dominates. As  crude  petroleum,  however,  sometimes 
helps  in  forming  a  very  injurious  crust,  the  refined 
only  should  be  used. 

Rogers'  tannate  of  soda  is  probably  the  best  prep, 
aration    for   general    use,   but    in   waters   containing 
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much  sulphate  it  should  be  supplemented  by  a  por- 
tion of  carbonate  of  soda. 

For  muddy  water,  particularly  if  it  contains  salts 
of  lime,  no  preventive  of  incrustation  will  prevail 
except  filtration,  and  in  almost  every  instance  the 
use  of  a  filter,  either  alone  or  in  connection  with  some 
means  of  precipitating  the  solid  matter  from  solution, 
will  be  found  very  desirable. 

In  all  cases  where  impure  or  hard  waters  are  used, 
frequent  "blowing"  from  the  mud-drum  is  necessary 
to  carry  off  the  accumulated  matter,  which  if  allowed 
lo  remain  would  form  scale. 

Covering  Steam  Pipes,  etc. 

The  loss  by  radiation  from  unclothed  pipes  and 
vessels  containing  steam  is  considerable,  and  in  the 
case  of  pipes  leading  to  steam-engines,  is  magnified 
by  the  action  of  the  condensed  water  in  the  cylinder. 
It,  therefore,  is  important  that  such  pipes  should  be 
well  protected. 

There  is  a  wide  difference  in  the  value  of  different 
8ubstances  for  protection  from  radiation,  their  value 
varying  nearly  in  the  inverse  ratio  of  their  conduct- 
ing power  for  heat,  up  to  their  ability  to  transmit  as 
much  heat  as  they  will  radiate,  when  they  become 
detrimental,  rather  than  useful,  as  covering. 

Hair  or  wool  felt  has  the  disadvantage  of  becoming 
soon  charred  from  the  heat  of  steam  at  high  pressure, 
and  sometimes  of  taking  fire  therefrom.  This  has 
?ed  to  a  variety  of  "cements"  for  covering  pipes— 
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composed  generally  of  clay  mixed  with  different  sub- 
stances^ as  asbestos,  paper  fibre,  charcoal,  etc.  A 
series  of  careful  experiments  made  at  the  Maasachu- 
setts  Institute  of  Technology,  in  1871,  showed  the 
condensation  of  steam  in  a  pipe  covered  by  one  of 
them,  as  compared  with  a  naked  pipe,  and  one 
clothed  with  hair  felt,  was  100  for  the  naked  pipe, 
67  for  the  "cement^'  covering,  and  27  for  the  hair 
felt. 

A  smooth  or  polished  surface  is  of  itself  a  good 
protection — polished  tin  or  Russia  iron  having  a 
ratio  for  radiation  of  53  to  100  for  cast  iron.  Mere 
color  makes  little  difference.  "Mineral  wool,"  a 
fibrous  material  made  from  blast  furnace  slag,  is  a 
good  protection,  and  is  incombustible;  its  exact  con- 
ducting power  is  not  known,  but  it  is  believed  to  be 
not  much  inferior  to  wool. 

The  writer's  own  experience  is  not  favorable  to  any 
of  the  so-called  clay,  }>aper-pulp,  or  cement  feltings; 
but  he  can  conscientiously  recommend  the  combina- 
tion hair  and  asbestos  felting  of  the  H.  W.  Johns 
Manufacturing  Company,  of  New  York  City,  as  one 
of  the  best,  if  not  the  best,  article  for  steam  boilers 
yet  brought  out,  and  he  is  confident  that  his  brother 
engineers  will  agree  with  him  after  a  trial  of  this 
make  of  covering. 

Abuse  of  Steam  Boilers. 

It  would  be  difficult  to  assign  any  reasonable  cause 
for  this  neglect,  except  that  it  may  arise  from  the  fact 
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that  nearly  the  whole  attention  of  the  engine  builders 
has  been  concentrated  on  the  improvement  and  per- 
fection of  the  steam  engine,  and  the  engineer,  follow- 
ing the  example  of  the  constructors,  generally  neglects 
Ills  boiler,  and  devotes  all  liis  time  and  care  to  his 
engine.  . 

One  of  the  most  common,  and  at  the  same  time 
greatest,  abuses  of  the  boiler  is  the  reckless  practice 
of  blowing  out  the  water  as  soon  as  the  fires  are 
hauled,  and  the  boiler  still  hot.  Under  such  circum- 
Btances  the  contraction  of  the  crown-sheet,  tube-sheets 
and  tubes  is  so  unequal  and  rapid  that  it  results  in 
the  end  in  the  ruin  of  the  boiler.  Boilers  well  made, 
of  good  material  and  design,  have  been  ruined  by 
blowing  them  out  under  a  heavy  pressure  of  steam, 
and  then  immediately  filling  them  with  cold  water. 
After  the  fire  has  been  hauled,  the  connection  doors 
and  furnace  door  should  be  opened,  and  the  boiler  be 
permitted  to  cool  off  before  the  water  is  blown  out, 
which  should  be  done  under  a  pressure  of  not  more 
than  10  pounds — the  less  the  better — otherwise  leaky 
seams  and  tubes,  or  fractured  stays  or  braces,  will  be 
the  result.  Some  eng;ineers  seem  to  think  that  mud 
and  other  deposit  can  be  blovm  out  by  a  heavy 
pressure  of  steam ;  but  this  is  an  error,  as  all  the  older 
members  of  the  profession  well  know.  Another 
abuse  is  the  pumping  of  cold  water  (sometimes  ice- 
cold  water  in  winter  time)  into  the  boiler  with  the 
donkey  pump.  Now,  unless  you  can  pump  hot  water 
from  the  heater  with  the'donkey  pump,  it  should  be 
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used  sparingly,  and  that  only  when  the  boiler  cannot 
be  pumped  up  by  any  other  means.  As  a  general 
thing,  boilers  leak  most  at  that  point  where  the  cold 
water  from  the  donkey  pump  impinges  upon  the 
metal. 

Another  abuse  is  that  boilers  are  not  cleaned  out 
often  enough,  but  the  scale-deposits  are  allowed  to 
accumulate  on  the  crown-sheet,  tubes  and  flues,  until 
it  becomes  so  hard  and  thick  that  the  water  cannot 
protect  the  iron,  and  it  is  burnt  and  destroyed. 

In  all  cases  when  boilers  are  laid  up  or  out  of  use 
they  should  be  opened,  cleaned  out,  and  examined  to 
see  if  the  sUiys  or  braces  are  broken,  loose,  or  much 
worn.  At  the  same  time  the  hammer-test  should  be 
applied  to  all  accessible  parts.  All  oxidation  should 
be  removed,  and  such  places  painted  with  good  red 
lead  .or  "poco"  paint. 

Testing  Boilers. 

There  are  two  methods  in  general  use,  known  as 
the  "hydraulic-test"  and  "hammer-test."  The  for- 
mer test  consists  in  filling  the  boiler  with  water  and 
then  with  a  hand  force-pump  raising  the  pressure  up 
to  that  which  it  is  supposed  the  boiler  will  stand, 
then  allowing  f  of  the  water-pressure  for  the  steam- 
pressure.  For  instance,  if  a  boiler  stands  a  pressure 
of  90  pounds  per  square  inch  water-pressure,  60 
pounds  would  be  the  steam-pressure.  The  %  rule  is 
that  in  use  by  the  U.  S.  Local  Inspectors.  The 
"hammer-test"  is  applied  to  all  accessible  parts  of 
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the  boiler,  such  as  the  shell,  crown-sheet,  flues,  front 
and  back  connections,  tube-sheets  and  braces,  by  tap- 
ping with  a  light  hammer.  The  experienced  engineer 
can  easily  tell  from  the  sound  produced  whether  the 
part  struck  is  sound  or  not. 

As  regards  these  tests,  some  engineers  prefer  one, 
some  the  other,  but  in  my  opinion  whenever  a  steam 
boiler  is  tested,  both  the  hydraulic  and  hammer-test 
should  be  applied.  But  whether  one  or  both,  the 
testing  of  boilers  requires  the  greatest  care  and  skill, 
and  should  never  be  applied  to  any  boiler  unless  all 
the  conditions  are  understood,  such  as  general  con- 
dition, age,  etc.,  and  never  except  by  persons  who 
fully  understand  the  object  and  effect  of  the  test. 
The  steam  gauge  used  during  the  test  should  be  a 
standard  one,  and  one  knoivn  to  be  correct  by  the  per- 
son testing  the  boiler,  beyond  all  doubt.  It  stands 
to  reason  that  if  the  gauge  be  not  correct  the  test  is 
useless;  and  besides,  you  run  the  risk  of  injuring  the 
boiler  by  an  excess  of  pressure. 

Explosion  of  Steam  BoUers. 

The  one  great  cause  of  boiler  explosion  is  the  in- 
ability of  the  boiler  to  withstand  the  pressure  to 
which  it  is  subjected  at  the  time ;  and  this  may  be 
brought  about  by  any  one  of  the  following  causes, 
viz.: 

1.  Bad  design,  in  which  the  boiler  may  not  be 
properly  strengthened  by  stays  and  braces;  deficient 
water-space,  preventing  the  proper  circulation  of  the 
water. 
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2.  Bad  workmanship,  caused  by  the  punching  and 
riveting  being  done  by  ignorant  and  unskilled  men. 

3.  Bad  material,  caused  by  blisters,  lamination, 
and  the  adhesion  of  sand  or  cinders  in  the  rolling  of 
the  plate. 

4.  By  excessive  pressure,  caused  by  the  gross  care^ 
lessness  or  recklessness  of  the  engineer,  or  by  defective 
steam-gauges,  or  inoperative  safety-valves,  they  being 
over- weigh  ted,  jammed,  or  otherwise  out  of  order. 

5.  Overheating  of  the  plates,  caused  by  shortness 
of  water,  which  in  turn  is  caused  by  the  carelessness 
or  ignorance  of  the  engineer,  in  allowing  the  water  to 
get  low,  and  then  putting  on  the  pump,  after  the 
plates  have  become  overheated. 

6.  By  accumulation  of  scale,  mud,  or  other  deposit, 
which  prevents  the  water  gaining  access  to  the  iron. 
This  causes  the  seams  to  leak,  the  crown-sheet  to 
bulge  or  come  down;  and  when  this  happens  the 
boiler  is  in  a  dangerous  condition,  and  liable  to 
explode. 

All  steam  boiler  explosions  are  caused  by  one  or 
more  of  the  above  causes.  Were  all  boilers  of  good 
design,  material  and  workmanship,  and  in  charge  of 
none  but  sober,  intelligent  and  experienced  engineers, 
such  a  thing  as  a  boiler  explosion  would  be  almost 
unknown. 


Note. — The  Author  is  indebted  to  The  Babcock  &  Wilcox  Co., 
New  York,  for  the  valuable  information  contained  on  pages  112  to 
I2i>. 


«g.  M.-  The  Baxter  Stkam-En<„ 


CHAPTEE   III. 

STANDARD   AMERICAN   PORTABLE  STEAM-ENGINES 

AND   BOILERS. 

Manufacturers  and  others  requiring  small  steam- 
power,  who  have  not  the  requisite  space  available  for 
boiler-room,  want  a  steam-engine  which,  with  its 
boiler,  is  of  small  dimensions,  and  yet  will  develop 
sufficient  power. 

Numerous  machines  have  been  invented  to  supply 
this  want.  Fig.  34  shows  the  Baxter  steam-engine, 
which  has  a  world-wide  reputation. 

The  fact  that  the  furnace,  engine,  boiler,  governor, 
pump,  gauge-cocks,  safety-valve,  steam-gauge,  and 
water-bottom  (which  is  also  a  heater  and  mud-drum), 
composing  a  10  horse-power  machine,  can  be  set  up 
on  a  floor  space  of  4J  feet,  and  yet  be  only  9  feet  in 
height,  is  hardly  credible  until  one  comes  to  examine 
the  admirable  arrangement  of  the  different  portions. 

The  compactness  of  this  machine  renders  it  easily 
transportable,  and  its  comparatively  light  weight 
(ranging  from  1280  jwunds  in  the  2  horse-power  to 
4300  in  the  10  horse-power)  allows  it  to  be  placed 
directly  in  the  story  or  room  in  which  its  work  is 
required. 

(129) 
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Tlic  boiler  of  the  Baxter  engine  (Fig.  34)  is  tub- 
ular, but  is  in  no  way  the  same  as  the  ordinary  ver- 
tical tubular  boiler.  Placed  over  the  fire  is  a  large 
combustion-chamber,  which  curves  in  for  a  short 
distance  at  the  bottom.  From  this  curvature  flues 
descend  all  around  the  circumference  of  the  boiler, 
the  water  to  be  heated  being  situated  over  this  cham- 
ber and  around  the  flues.  The  products  of  com!)us- 
tion  arising  from  the  fire  come  first  in  contact  with 
the  upper  part  of  the  chamber,  above  which  is  the 
greatest  quantity  of  water,  and  then,  descending 
through  the  short  flues,  strike  the  water-bottom, 
whence  they  ascend  on  the  outside  of  the  boiler, 
between  it  and  the  sheet-iron  jacket  with  which  it  is 
covered,  and  pass  off*  at  the  chimney -flue. 

In  the  combustion  chamber  all  the  gas  and  smoke 
is  consumed,  and  the  heat,  together  with  that  radi- 
ated from  the  fire-grate,  by  passing  over  the  water- 
bottom,  warms  the  water  before  it  enters  the  boiler. 
So  thoroughly  does  this  method  take  up  and  utilize 
tiie  caloric,  that  the  hand  may  be  with  impunity 
placed  on  the  pipe  leading  from  the  engine  to  the 
chimney-flue. 

Attached  to  the  boiler  is  a  pump,  which  forces  the 
feed-wat€r  into  the  water-bottom,  from  which  it 
passes  into  the  boiler  by  a  connecting-pipe  on  the 
opposite  side  from  its  entrance.  Referring  to  Fig.  34, 
the  pump  is  shown  above,  at  the  right-hand  side, 
immediately  under  the  large  wheel,  the  water  passing 
into  the  water-bottom  beneath  the  boiler,  at  the  lower 
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end  of  the  vertical  tube.  The  small  portion  of  pipe 
visible  at  the  left-hand  side  serves  to  lead  the  water 
into  the  boiler. 

The  cylinder  is  situated  directly  in  the  steam- 
dome,  thus  effectually  preventing  any  condensation 
of  steam,  so  that  the  latter  is  always  used  dry,  and  a 
greater  power  obtained.  By  this  arrangement,  the 
cylinder  head  is  at  once  the  bed -plate  of  the  engine 
and  the  cover  of  the  boiler.  The  cylinder- valve  is 
placed  on  the  upper  left-hand  side  of  the  boiler,  and 
its  arrangement  can  be  seen  from  the  figure.  The 
water-bottom  being  used  as  a  mud-drum,  all  sedi- 
ment and  impurities  can  be  readily  blown  out  at  the 
opening  at  which  the  feed-water  empties,  thus  keep- 
ing the  interior  of  the  boiler  free  from  deposit  and 
dirt.  By  means  of  a  plug  of  brass,  made  hollow 
and  filled  with  lead,  which  is  inserted  in  the  crown- 
sheet,  all  danger  of  explosion  from  low  water  is  ob- 
viated; for  the  moment  the  water  falls  below  the 
level  of  the  upper  part  of  the  crown-sheet,  the  lead, 
being  melted,  drops  out,  and  permits  the  escape  of 
the  steam. 

The  advantages  offered  by  this  engine,  besides  those 
of  its  occu]>ying  small  space,  are  its  economy  of  fuel 
and  great  facility  of  management  and  repair. 

It  is  claimed  that  it  consumes  less  fuel,  in  a  given 
time,  than  any  small  engine  of  equal  power  extant. 
Half  a  bushel  of  anthracite  coal  a  day  is  sufficient  to 
run  a  3  horse-power  engine  at  266  revolutions  per 
minute,  and  a  ton  of  coal   per  month   is  rarely  ex- 
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ceeded.  When  wood  is  used,  about  a  quarter  of  a 
cord  per  day  is  all  that  is  required. 

The  whole  machine  takes  up  no  more  space  than  a 
good-sized  stove,  and  a  boy  can  run  it  with  very  little 
teaching.  It  is  made  at  the  factory  of  Colt's  Patent 
Fire-arms  Manufacturing  Company,  Hartford,  Conn. 
If  any  portion  become  broken  or  lost,  it  can  be 
instantly  replaced  with  another  exactly  similar,  as 
every  part  is  made  with  special  tools,  on  the  same 
principle  as  the  Waltham  watches,  or  Colt's  rifles  and 
pistols. 

Fig.  35  shows  the  style  of  portable  engine  made 
by  the  Watertown  (N.  Y.)  Steam-Engine  Company. 
The  engine  frame  is  very  heavy  and  substantial,  with 
liberal  openings  at  the  sides  to  admit  of  free  access 
to  all  the  working  parts  within.  The  guides  and 
pillow-block  are  cast  with  the  frame,  so  that  they  can- 
not become  loose  jot  out  of  line.  All  wearing  sur- 
faces are  large  and  easily  accessible.  Ample  provision 
is  made  for  taking  up  any  wear  of  the  guides  or 
boxes.     Oil-cups  are  placed  upon  all  bearings. 

The  connecting-rod  boxes  are  of  the  best  bronze, 
with  straps,  gibs  and  keys  accurately  milled.  All 
bolts,  nuts  and  set  screws  are  of  standard  size  and 
tliread.  Stud  bolts  are  used  to  hold  on  the  cylinder 
head  and  steam-chest  cover,  permitting  their  removal 
without  loosening  and  wearing  the  thread  of  the  bolt. 

The  cylinder  is  jacketed  to  prevent  loss  of  heat. 
Drips  are  placed  in  the  cylinder  and  steam-chest  to 
carry  oflF  the  water  of  condensation. 
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Tlio  crank  is  made  in  disc  form  and  balanced, 
permitting  the  engine  to  ruu  at  liigli  speed  without 
iarriug. 


TIio  governor  is  extremely  sensitive,  and  liolds  the 
Rngiiie  under  snch  perfect  cuutiul  tliat  the  inuin  lielt 
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may  be  thrown  oiF  while  the  engine  is  running  with- 
out  increasing  the  speed. 

The  piston  is  ring  and  spring;  the  piston-rod  is 
screwed  into  the  cross-head  and  secured  by  a  jam  nut. 
It  can  thus  be  adjusted  to  meet  the  wear  of  the 
connecting-rod  without  the  use  of  packing  in  the 
boxes.  The  pump  is  driven  from  the  cross-head ;  it 
is  very  siniple  and  reliable ;  either  valve  can  be  re- 
moved without  disturbing  the  other,  and  the  whole 
pump  is  readily  taken  apart  for  cleaning  and  repairs. 
The  engine  is  supplied  with  a  heater,  by  whicli  the 
heat  of  the  exhaust  steam  is  imparted  to  the  feed-water. 
The  heater  is  easily  accessible  for  repairs.  After  heat- 
ing the  water,  the  exhaust  steam  is  carried  into  the 
smoke-pipe,  killing  the  sparks  and  increasing  the  draft. 

The  boiler  is  built  throughout  of  the  best  material, 
and  is  carefully  made  and  thoroughly  tested.  The 
base-plate,  which  holds  the  boiler  and  engine,  contains 
the  ash-pit,  with  door  for  cleaning  and  damper  for 
regulating  the  draft.  A  full  set  of  foundation-bolts 
is  sent  with  each  engine. 

The  boiler  is  provided  with  a  large  dome — a  most 
unusual  addition  to  a  vertical  boiler.  Not  only  this, 
but  within  is  a  dry  pipe  running  to  the  top  of  the 
dome.  By  these  means  dry  steam  is  secured  and 
"  priming ''  effectually  prevented.  The  dome  is 
encased  in  the  smoke-chamber,  thus  preventing  con- 
densation and  imparting  additional  heat  to  the  steam 
on  its  way  to  the  cylinder. 

Hand  holes  are  placed  on  every  boiler,  and  ample 
provision  is  made  for  cleaning  every  part. 
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Fig.  36  shows  the  portable  eDgine  made  by  Massrs. 
Frick  &  Co.,  of  Waynesboro,  Franklin  county,  Pa., 
hnowD  as  the  "Eclipse "portable  engine. 


Fig.  36. 

This  engine  is  of  the  horizontal  style,  and  is  made 
with  a  bed,  from  entirely  new  and  improved  patterns. 
The  entire  engine  can  be  readily  removed  from  the 
boiler  and  placed  on  a  suitable  foundation,  and  used 
separately  as  a  stationary  engine  when  desired. 

Cylinder  and  Steam  Cheat, 
And  the  frame  or  bed,  which  comprises  the  cylinder 
heads,  guides  for  cross-head,  and  the  two  bearings 
for  crank  sitqft,  all  in  one  solid  casting,  thereby 
making  it  iniiK)ssible  for  the  important  working 
parts  of  the  engine  to  get  out  of  line. 
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Shape   of  Bed 

I»  the  half  of  a  horizontal  hollow  cylinder,  except 
aflnmll  portion  of  one  end,  which  is  an  entire  hol- 
low cylinder  with  its  one  end  closed  by  the  forma- 
tion of  a  flange  or  cylinder  head,  to  which  is  bolted 
the  cylinder  and  steam  chest  in  one  casting.  This 
trough-shaped  bed  extends  nearly  to  the  pillow- 
blocks.  Lnrnodiately  under  the  pillow-blocks  the 
bed  is  shaped  similar  to  the  steam-cylinder  end,  ex- 
ceptthat  it  is  at  right  angles  to  it,  in  order  to  allow 
the  crank  to  puss.  Extending  around  the  entire 
upper  edge  of  the  bed  is  a  flange  strengthening  it, 
and  serving  as  guide  or  cross-head. 

The  bod  is  bolted  to  brackets  on  the  boiler,  when 
used  as  a  portable,  or  on  a  foundation  when  used  as  a 
stationary  engine,  by  means  of  a  flange  running  its 
cntiixj  length,  which  is  widened  under  the  pillow- 
blocks  and  at  the  steam  cylinder  end  for  that  pur- 
jKvse;  and  the  main  jmrt  of  the  bed  is  connected  with 
this  flange  by  means  of  a  web.  The  pillow-blocks 
and  the  widened  flanges  at  the  same  end  of  the  bed 
are  connected  for  the  purjKxse  of  strengthening  them 
by  means  of  vertical  braces.  The  widened  flanges  at 
the  other  or  steam  cylinder  end  are  connected  with 
tlie  main  part  of  the  bed  in  like  manner,  aU  forming 
OH€  ^id  casting^ 

It  will  be  observed  that  by  this  style  of  bed 
(whidi  is  trough-«haj>C(i)  under  the  principal  wcM-k-* 
ing  i^arts,  »rc  caught  all  the  oil,  or  drippings,  from 
the  bearings  aud  stuffing-box,  whidi  would  other- 
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wise  drop  on  the  boiler  and  make  it  very  hard  to 
keep  dean.  There  is  also  an  oil  channel  around  the 
outside  of  both  guides,  leading  into  and  conveying 
all  waste  oil  into  the  inside  of  the  bed.  The  drip- 
pings and  waste  oil  in  the  bed  are  conveyed  from 
the  engine  and  boiler  through  a  small  tube  pro- 
vided for  that  purpose.  By  this  arrangement  the 
engine  and  boiler  can,  with  little  labor,  be  kept  clean, 
and  it  will  be  found  especially  valuable  where  the 
engine  is  set  up  in  a  building  wl^ere  cleanliness  is  an 
object. 

The  cylinder  and  steam  chest  are  made  in  one  cast- 
ing, which  is  firmly  attached  to  the  solid  bed,  and  in 
perfect  line  in  the  manner  above  described ;  all  the 
exposed  parts  being  covered  with  felt,  and  hand- 
somely jacketed  with  iron,  which  very  much  im- 
proves its  appearance,  and  prevents  radiation  of  heat 
— preventing  the  steam  in  the  cylinder  from  losing 
its  elasticity  by  condensation ;  the  cylinder  being 
bolted  at  its  one  end  only  to  the  bed,  is  allowed  per- 
fect freedom  of  expansion ;  and  as  the  cylinder,  steam- 
chest,  slide-valve  and  piston-rod  lengthen  in  the  same 
direction,  the  engine  will  have  the  same  lead  and 
clearance  when  working  as  when  cold ;  and  by  this 
arrangement  of  cylinder  and  bed,  the  working  strain 
acts  on  a  line  through  the  centre,  thereby  relieving 
the  engine  from  the  powerful  and  unequal  leverage 
incident  to  many  defective  modes  of  construction. 

The   Pillow-Blocks, 

Or  bearings  for  crank  shaft  on  this  engine,  are  of 
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the  kind  used  on  first-class  stationary  engines,  being 
iined  with  the  best  quality  of  anti-friction  metal,  and 
provided  with  side  brasses  and  adjusting  screws  for 
taking  up  all  lost  motion. 

The   Crank  Shaft 

Is  double,  extending  far  enough  on  eitlier  side  of  the 
engine  to  receive  a  pulley  without  interfering  with 
the  boiler.  It  is  made  of  the  best  American  forged- 
iron,  without  weld  or  seam,  and  is  balanced  by  means 
of  counter-weights,  which  produces  a  smooth  and 
equable  motion,  so  that  the  engine  can  be  run  at  a 
high  rate  of  speed  without  injury  to  its  parts. 

The    Connecting- Rod 

Is  forged  from  the  best  refined  wrought-iron,  and 
has  the  proper  proportions  for  the  greatest  strength, 
and  is  provided  with  boxes  made  of  the  best  copper 
and  tin  composition,  having  very  large  bearing  sur- 
faces, and  made  adjustable  to  any  possible  wear,  and 
the  whole  is  fitted  with  the  greatest  accuracy  and 
care,  thereby  making  it  very  durable. 

The  Guides 

Are  of  the  kind  so  universally  used  on  all  the  best 
locomotive  and  stationary  engines,  and  have  very 
long  bearing  surfaces  for 

The  Cross   Head, 

Which  is  also  of  the  locomotive  kind,  except  that 
it  has  brass  gibs,  adjustable  to  any  wear. 
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The   Piston 

Is  of  improved  pattern,  fitted  with  a  metallic  pack- 
ing ring,  which  is  self-adjusting,  and  readily  adapts 
itself  to  any  wear  of  the  cylinder,  needs  no  adjusting 
or  setting,  and  will  remain  steam-tight  with  but  lit- 
tle friction  until  the  ring  is  worn  out. 

The  piston-rod  is  made  of  steel  and  smaller  than 
those  made  of  iron,  occupying  less  space  in  the  cylin- 
der, and  consequently  making  the  areas  on  each  side 
of  the  piston  more  nearly  alike. 

The  Pump 

Is  driven  direct  from  the  cross-head,  and  is  bolted  to 
the  side  of  the  bed.  It  has  an  improved  brass  valve- 
chamber  with  composition  valves,  and  they  are  so  ar- 
ranged that  by  simply  turning  one  screw  either  valve 
may  be  removed  without  disturbing  the  other  or  any 
of  the  pipe  connections.  The  suction-valve  also  serves 
as  a  stop-cock  in  the  suction-pipe,  thus  dispensing 
with  an  extra  cock  and  several  extra  joints  in  the 
suction-pipe,  consequently  insuring  greater  certainty 
of  pump  to  work.  This  valve  is  always  open,  and 
the  supply  of  water  to  the  boiler  is  regulated  by  the 
use  of  a  waste-pipe  and  stop-cock  in  the  discharge- 
pipe  from  the  pump  to  the  boiler,  by  which  it  is  easy 
to  regulate  the  amount  of  water  required  in  the  boiler. 

The  Heater 

Consists  of  a  large  cast-iron  pipe  bolted  near  its  one 
end    to  the    steam-cylinder,  is  slightly  inclined  to 
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admit  of  draining^  and  is  supported  at  the  other  end 
by  a  bracket  on  the  bed.  The  advantage  of  this 
position  is  that  the  extremes  of  heat  and  cold,  to 
which  the  heater  is  subject,  cannot  affect  the  engine 
in  any  way ;  while,  if  the  heater  were  formed  in  the 
bod,  the  consequent  expansion  and  contraction  would 
affect  the  working  parts  by  throwing  them  out  of 
line.  The  exhaust  steam  from  the  cylinder  passes 
through  this  heater  in  passing  to  the  smoke-stack, 
heating  the  water  in  the  feed-pipe  (which  passes  two  or 
three  times  its  entire  length)  to  a  very  high  tempera- 
ture before  it  enters  the  boiler,  which  makes  it  much 
easier  to  keep  the  pressure  of  steam  to  any  desired 
point,  and  also  entirely  relieves  the  boiler  from  severe 
shocks  caused  by  forcing  currents  of  cold  water  into 
it,  and  saves  considerable  fuel. 

The  exhaust  steam,  after  being  utilized  for  heating 
the  feed-water,  discharges  through  a  nozzle  into  the 
smoke-stack,  which  also  greatly  increases  the  draught 
and  aids  in  extinguishing  the  sparks,  thereby  making 
the  engine  perfectly  safe  as  regards  fire. 

The  Governor 

Is  of  the  most  approved  kind,  and  is  placed  directly 
over  its  valve,  which  is  perfectly  balanced,  making  it 
direct-acting,  obviating  the  use  of  levers  and  the 
consequent  lost  motion  due  to  them.  This  governor 
being  direct  in  its  action,  makes  it  act  instantaneously, 
so  that  the  most  uniform  speed  is  maintained  under 
tiie  most  varying  load  and  pressure  of  steam. 
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The  Slide-Valye  Rod 

Has  a  guide  outside  the  steam-chest,  with  lai^ 
bearing  surface. 

The  Eccentric 

And  its  connections  with  the  valve  are  fitted  up  in 
the  most  substantial  manner,  being  provided  with 
all  necessary  arrangements  for  taking  *up  wear,  and 
fitted  with  a  degree  of  skill  and  accuracy  that  can- 
not fail  to  commend  it, 

A  TaUow  Cup 

Enters  the  top  of  steam-chest,  by  means  of  which  the 
piston  and  slide-valve  can  be  lubricated  without  stop- 
ping the  engine,  and  under  full  pressure  of  steam. 

Self- Feeding  Oil  Cups 

Are  inserted  on  cross-head,  slides,  connecting-rod, 
eccentric,  pillow-blocks,  and  all  other  parts  where 
experience  has  found  them  necessary. 

Air  Cocks 

Are  placed  on  the  pump,  steam-chest,  feed-pipe,  etc., 
for  the  purpose  of  draining  them,  thereby  preventing 
freezing  and  bui^sting  of  pipes  in  cold  weather,  which 
is  a  source  of  great  trouble   with   many  portable 


engmes. 


The   BoUer 


Ts  made  of  the  best  American  boiler  plate  iron,  in  the 
6tyle  or  pattern  of  a  locomotive  boiler,  which  secures 
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the  greatest  amount  of  heating  surface  and  water 
H|>ace  within  given  limits.  The  water  space  extends 
entirely  around  the  fire-box  and  ash-pit,  which  is  an 
improvement,  both  in  economy  of  fuel  and  safety  in 
keeping  fire  from  dropping  to  the  floor.  Special 
care  has  been  taken  in  allowing  the  pro{)er  propor- 
tions of  fire  surface,  water  capacity,  and  steam  space, 
so  that  there  MS  no  danger  from  foaming  or  trouble 
from  hard  firing. 

The  shell  is  made  of  best  Pennsylvania  iron,  of 
proper  thickness,  and  makes  a  very  strong  boiler. 

The  furnace  is  made  of  best  solid  fire-box  plate, 
which  is  seldom  used  in  portables,  making  it  safe  be- 
yond doubt. 

The  tube  sheets  are  also  of  the  best  iron  for  this 
purpose,  and  are  selected  of  the  proper  thickness,  ac- 
cording to  the  size  of  the  boiler. 

The  tubes  are  of  the  best  American  lap-welded, 
and  set  in  tlie  heads  by  the  most  improved  process. 
The  furnaces  at  the  sides  and  top  and  bottom  are 
bracked  in  the  most  approved  and  strongest  manner. 

Special  attention  is  directed  to  the  shape  of  the 
furnace,  the  under  side  of  which  is  semi-circular, 
forming  an  ash-pan  around  which  the  water  circu- 
lates freely,  preventing  the  accumulation  and  adher- 
ing of  sediment  in  the  part  of  furnace  below  the 
grate.  The  water  legs  of  the  ordinary  locomotive 
boiler  soon  require  renewing,  on  account  of  there 
being  very  little  heat  below  the  grates  where  the 
water  is  comparatively  in  a  state  of  rest,  thereby  al- 
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lowing  particles  of  raiDeral  and  earthy  matter  to 
I  deposit;  which  soon  form  a  solid  and  compact  mass 

and  destroy  the  boiler.  By  rapid  circulation  of  the 
water  in  the  circular  water  bottom,  these  particles 
are  kept  in  a  state  of  solution,  so  that  they  can  easily 
be  removed  from  the  boiler,  by  simply  opening  the 
blow-off  cock,  or  removing  hand-hole  plates  provided 
for  that  purpose.  A  boiler  made  on  this  style  is  also 
much  stronger  than  others,  and  does  not  require  a 
separate  ash-pit,  and  can  be  run  with  as  much  safety 
from  fire  as  a  common  stove. 

The  fire  door  is  made  double  and  lined  with  a 
perforated  plate,  and  has  also  a  register,  which  admits 
air,  keeps  the  door  from  over-heating,  and  ignites 
the  gases. 

The  boilers  are  furnished  with  a  safety-valve, 
having  composition  valve  and  valve-seat,  and  will, 
therefore,  never  rust  fast  or  stick  to  its  seat,  as  is  the 
case  when  made  of  iron. 

On  the  side  of  the  boiler  near  the  steam  dome  is 
attached  a  handsome  and  first-class  steam-gauge,  and 
also  a  steam  whistle,  either  of  which  can  easily  be 
removed,  if  required;  and  they  are  so  arranged  that 
tiiey  will  not  freeze  up  in  winter. 

The  boiler  is  mounted  on  strong  cast-iron  saddles 
or  legs,  bolted  to  skids  or  timber  frame  running  its 
entire  length,  and  supporting  it  during  transporta- 
tion. They  are  also  intended  to  be  used  as  a  perma- 
nent foundation,  requiring  no  other  setting.  Nearly 
on  top  of  boiler,  and  at  an  equal  distance  from  centre^ 
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are  firmly  bolted  the  saddles,  having  planed  surfaces^ 
on  which  is  bolted  the  bed-plate  of  the  engine,  as 
shown;  the  one  end  of  bed-plate,  however,  is  not 
bolted  direct  to  these  saddles,  but  is  so  arnmged  that 
the  boiler  tias  perfect  freedom  for  expansion  without 
straining  either  engine  or  boiler. 

Every  boiler  is  thoroughly  tested  with  water  and 
steam  pressure,  and  guaranteed  to  stand  a  cold  water 
pressure  of  150  pounds  per  square  inch. 

There  is  inserted  in  the  crown-sheet  of  these  boilers 
a  fusible  plug,  the  centre  of  which  will  melt  out  the 
moment  the  crown-sheet  is  bare  of  water,  discharging 
steam  and  water  into  the  fire,  thus  preventing  injury 
to  the  crown-sheet  from  low  water. 

Gardner's  Patent  Tri-Cylinder  Engine. 

Fig.  37  is  a  transverse  section  of  Gardner's  Patent 
Tri-Cylinder  Engine,  showing  the  cylinders,  pistons 
and  connecting-rods.  Also  a  broken  section  of  steam 
and  exhaust  passages.  It  has  many  points  of  excel- 
lence that  are  apparent,  and  it  will  only  be  necessary 
to  enumerate  a  few  of  the  many  advantages  claimed 
for  it.  As  the  engine  has  no  dead  center,  it  can  be 
started  with  the  crank  in  any  position.  The  connect- 
ing-rods being  always  in  compression,  there  is  no 
sudden  blow  or  pound  upon  the  crank-pin,  however 
loose  the  fit  may  be,  with  the  engine  running  at  any 
speed.  The  working  parts  being  entirely  encased, 
they  are  protected  and  kept  free  from  any  dust  or 
grit  that  may  be  around  the  engine,  and  are  lubri- 


STANDAItl)   STEAM-ENGINES    AND   BOILEKK.      146 

cated  constantly  by  the  automatic  oiler,  which  is 
)i]a(«<1  iipuji  the  lop  cylinder,  and  whicli  admits  a 
drop  of  oil  at  eucli  stroke  of  the  engine,  spreading  it 


by  the  steam  and  centrifugal  force  to  all  of  its  work- 
ing parts. 

The  details  of  construction  are  the  result  of  long 
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experiment  and  careful  study,  combined  witli  prac- 
tice. 

The  pistons  being  deep,  liglit,  and  well-packed, 
guide  themselves  in  the  cylinder,  and  are  connected 
to  the  phosphor-bronze  connecting-rods,  the  ends  of 
which  form  the  connection  to  the  crank-pin. 

On  the  end  of  each  rod  is  a  compensating  box, 
whichj  in  case  of  wear,  can  be  replaced,  making  the 
connection  as  good  as  new.  This  arrangement  ad- 
mits of  the  engine  automatically  taking  up  her 
own  wear,  as  the  thrust  is  always  direct  on  the 
crank-pin. 

The  moment  steam  is  admitted  to  the  piston  it  is 
communicated  to  the  crank  direct,  without  the  fric- 
tion attending  the  transmission  of  power  to  the  differ- 
ent parts,  as  in  the  ordinary  engine. 

The  piston  will  follow  up  its  connection  until  worn 
cut,  it  never  leaving  the  bore  of  the  cylinder. 

The  crank  shaft  is  of  steel,  and  is  counterbalanced 
so  as  to  insure  steady  running  while  the  engine  is  at 
work,  and  it  extends  through  a  sleeve  running 
through  the  pedestal,  which  has  a  long  bearing  on 
the  pulley  end,  so  as  to  reduce  the  wear  to  the  mini- 
mum. On  the  front  end  of  the  shaft  is  placed  a 
bevel  gear  to  connect  with  the  governor  gear,  making 
the  governor  a  part  of  the  engine  itself,  thereby  en- 
suring a  perfectly  uniform  motion  to  the  engine.  As 
the  governor  goes  so  must  the  engine.  There  are  no 
belts  to  break  or  parts  to  give  way  (which  often 
cause  bad  accidents),  so  that  the  governing  power  is 
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as  perfect  and  constant  as  can  be  devised.  All  part^ 
of  the  governor  are  accessible,  and  the  S{>eed  of  the 
engine  can  be  changed  instantly,  while  it  is  running, 
to  any  extent  desired,  within  the  range  of  the  gov- 
ernor. 

The  only  parts  of  the  engine  to  pack  are  the  three 
valve  rods,  which  are  very  accessible,  the  packing 
cups  being  deep ;  so  that  when  once  packed  a  slight 
turn  of  the  gland  is  all  that  is  necessary,  should  any 
steam  leak  through  them. 

None  but  the  very  best  materials  are  used  in  the 
construction  of  this  engine.  The  form  is  unique,  all 
angles  and  corners  being  avoided,  and  everything 
being  circular,  a  free  and  easy  movement  is  secured 
to  all  of  its  working  parts.  Its  form  also  adds  mate- 
rially to  its  strength,  and  it  requires  less  room  and 
weighs  less  than  any  engine  known  of  the  same 
power  and  capacity.  Every  part  is  accessible,  and 
the  engine  can  be  stripped  and  put  together  again  in 
less  time  than  the  ordinary  engine.  Steam  is  intro- 
duced to  either  side  of  the  throttle,  as  may  be  most 
convenient,  and  the  exhaust  can  also  be  placed  as 
conveniently  as  may  be  desired.  The  circular  ring 
or  belt  of  which  the  cylinders  form  a  part,  also  forms 
the  valve  seats,  and  it  will  be  observed  that  the 
valves  and  seats  are  as  close  to  the  cylinders  as  is 
possible.  The  passages  in  the  belt  or  ring  are  of 
suflScient  size  to  secure  boiler  pressure  as  near  as  j)os- 
sible  to  the  valve,  thereby  obtaining  the  shortest  pos- 
sible passage  of  steam  under  the  valve  to  piston  in 
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cylinder  with  only  the  thickness  of  metal  intervening 
between  valve-seat  and  cylinder.  Steam  is  cut  oflF  so 
as  to  work  expansively  in  each  cylinder,  thereby 
securing  all  the  power  of  the  steam  before  delivery  to 
exhaust,  enougli  exhaust  steam  l)eing  compressed  in 
each  cylinder  to  sufficiently  cushion-piston  in  going 
over  centers,  as  well  as  imparting  initial  pressure  on 
the  piston  the  moment  the  valve  opens  to  take  steam. 
The  steam-ports  are  made  long  and  narrow,  so  as  to 
reduce  the  throw  of  the  eccentric  to  the  minimum. 
The  valve-rods  are  made  of  steel.  The  valve  is  a 
patent  balanced  valve.  The  high  speed  at  which  this 
engine  may  be  run  admits  of  immense  development 
of  power  in  proportion  to  its  size,  which  is  of  special 
advantage  in  many  cases,  w!ien,  if  additional  power 
is  required,  it  can  be  obtained  immediately  by  giving 
the  governor  more  speed.  The  governor-valve  being 
balanced,  the  engine  will  respond  promptly  to  the 
slightest  turn  of  the  thumb-screw  on  the  top  of  the 
governor-head.  When  steam  is  in  the  public  streets 
or  where  parties  have  buildings  rented  with  power, 
this  engine  is  of  special  importance  in  preference  to 
the  usual  method  of  distributing  power  from  floor  to 
floor  with  one  large  engine.  As,  for  example,  if 
dififerent  parties  are  using  power  on  each  floor  and 
any  accident  happens  to  the  one  engine,  each  con- 
sumer of  power  must  necessarily  stop  until  repairs 
are  made,  while  by  this  method  of  putting  an  engine 
on  each  floor  of  sufficient  power  to  do  each  one's 
work,  no  such  liability  to  accident  could  occur,  and 
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eacli  i>arty  can  stop  or  start  as  their  business  requires, 
tliereby  being  subject  only  to  tlie  expense  attending 
the  running  of  their  particular  business. 

Fijj.  38  shows  the  style  of  jmrtable  engine  which 
is  laauufacturetl  by  Messrs.  Skinner  &  Wood,  Erie, 


Fig.  38. 

The  frame  is  cast  irt  one  piece,  with  cylinder  head 
and  main  shaft  boxes,  and  on  same  plane  with  center 
of  oyiinder;  the  strain,  therefore,  if  any,  is  in  a 
direct  line  with  piston-rod,  and  the  evil  is  avoided  of 
the  engine  getting  ont  of  line,  so  common  with  those 
built  on  the  usual  plan,  having  their  dilfe^nt. pieces 
t)olted  to  the  bed. 

The  bed  is  formed  to  prevent  any  drippings  from 
reaching. the  boiler,  with  the  assislancc  of  the  drip- 
pans,  which  are  placed  under  the  pump,  valve-stem, 
shaft-bearings  and  eccentric.     These  devices  deserve , 
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special  attention,  for  they  ensure  cleanliness.  Every 
operator  likes  his  engine  and  boiler  to  be  clean  and 
neat,  and  will  take  pride  i:i  keeping  thera  so,  unless 
discouragect  by  finding  that  his  scraping  and  scouring 
of  one  morning  is  rewarded  only  by  a  repetition  of  it 
on  the  succeeding  day.  Under  these  circumstances 
patience  ceases  to  be  a  virtue ;  the  drip  is  allowed  to 
accumulate,  affecting  the  durability  of  the  boiler  and 
becoming  an  eyesore  to  all  about  it.  With  these  drip- 
pans  all  oil  and  water  from  the  engine  is  carried  off 
through  one  pipe,  and  the  boiler  am  be  kept  per- 
fectly clean. 

The  shaft  bearings  are  unusually  large,  and  care- 
ful provision  is  made  for  taking  up  the  wear  in  the 
direct  line  with  the  cylinder,  and  to  ensure  thorough 
lubrication.  Driving  pulleys  can  be  placed  on  either 
or  both  sides  of  the  engines. 

The  valve  is  the  plain  slide-valve,  cutting  off  at 
five-eighths  stroke,  the  point  found  most  effective, 
and  driven  by  eccentric. 

The  valve-rod  has  two  square  bearings  outside  of 
the  steam-chest,  with  provisions  for  taking  up  the 
wear.  Between  these  bearings  connection  is  made 
with  the  eccentric-rod.  This  arrangement  insures 
great  durability.  It  is  worthy  of  note  that  in  many 
cheap  engines  the  valve-rod  has  no  bearings,  thus  per- 
mitting the  \;alve  to  work  loose  and  causing  irreg- 
ularity in  the  admission  of  steam  to  cylinder. 

The  piston  has  a  ring  packing,  which  adjusts  itself 
by   steel   springs  to  any  wear.     These  springs   are 
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usually  luouuted  on  iron  pins  and  secured  by  iron 
nuts,  which  are  h'able  to  rust  and  prevent  springs 
from  acting.  In  this  engine  the  pins  and  nuts  are  of 
brass.  The  follower  nut  is  also  of  brass,  a  point 
which  will  be  appreciated  by  engineers  who  have 
tried  in  vain  to  remove  an  iron  follower  nut  in  the 
endeavor  to  get  at  the  piston. 

The  guides  and  cross-liead  are  what  are  known  as 
the  locomotive  pattern,  and  admit  of  wear,  being 
taken  up  by  both  upper  and  lower  guides,  thus  keep- 
ing the  cross-head  in  line.  These  are  believed  to  be 
the  best,  though  much  more  expensive,  and  for  this 
reason  they  are  found  on  but  few  of  even  the  first- 
class  engines. 

The  pump  is  driven  by  a  cross-head,  and  has  inter-- 
changeable  brass  valves  and  seats.  It  is  thoroughly 
accessible,  and  every  part  can  be  reached  without  dis- 
turbing other  parts  of  the  engine.  The  heater  in 
these  engines  is  under  the  dome.  The  pipes  are  2J 
inch  wrought  iron,  and  can  be  easily  removed, 
if  injured,  and  replaced  at  a  trifling  expense. 
These  heaters  it  is  claimed  eifect  a  saving  of  20  to  30 
per  cent,  in  fuel. 

The  combined  check,  stop  and  relief  valve  is 
believed  to  be  an  arrangement  never  before  placed  on 
an  engine,  and  was  suggested  by  the  great  annoyance 
and  damage  incurred  by  the  closing  of  the  stop-valve 
between  the  pump  and  boiler,  and  neglecting  to  open 
it  upon  starting  the  pump,  the  result  being  that  the 
weakest  place  must  give  way.     As  it  is  extremely 
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necessary  to  have  a  stop-valve  between  the  pump  and 
the  boiler  (for  the  purpose  of  shutting  off  com- 
munication with  tlie  boiler  in  case  the  pump  valves 
need  cleaning),  the  stop-valve  is  so  constructed  that 
when  the  valve  is  closed,  communication  is  opene<l 
between  the  pump  and  the  atmosphere,  thereby  reliev- 
ing the  pressure  if  the  pump  is  started  with  valves 
shut.  This  is  a  very  simple  arrangement,  and  cannot 
possibly  fail  of  working. 

The  crank  is  of  heavy  wr.mght-iron. 

The  safety-stop  governor  and  self-oiling  steel  con- 
necting-rod are  important  features  in  these  engines. 

The  valve-r^d,  piston-rod,  pump  and  eccentric- 
rods  are  of  the  best  steel.  The  connecting-rod  is  also 
of  steel. 

The  boiler  is  made  entirely  of  the  best  wrought- 
iron,  the  shell  being  of  J  inch  charcoal  hammered 
No.  1  American  boiler  plate.  The  heads  are  of  th« 
best  f  inch  flange  iron,  and  the  flues  lap-welded. 
Instead  of  brick  walls,  the  boiler  has  a  heavy 
wrought-iron  casing,  lined  its  entire  length  and  both 
sides  with  fire  brick,  and  instead  of  a  fixed  bridge, 
one  is  used  which  can  be  moved  to  increase  or  di- 
minish the  grate  surface. 

The  fire  is  built  directlv  under  the  body  of  the 
boiler,  where  it  is  most  needed,  and,  after  passing 
along  the  entire  length,  returns  again  through  the 
flues,  the  smoke  escaping  up  the  stack.  This  arrange- 
ment, known  as  the  horizontal  return-flue  boiler, 
secures. proper  proportion  of  fire  surface,  water  capa- 
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«?ity,  and  steam-space,  and  the  greatest  economy  in 
the  use  of  fuel. 

The  fire-box  is  very  large  in  proportion  to  the 
boiler,  admitting  the  use  of  fuel  which  cannot  be 
used  in  any  other  way,  and  effecting  a  valuable  saving 
in  its  preparation,  if  it  be  wood. 

The  flues  in  these  boilers  are  lap-welded ;  both 
ends  are  lielow  the  water  level,  and  can  be  easily 
reached  without  disturbing  the  boiler,  engine,  or  con- 
nections. 

A  final  specific  feature  found  in  these  boilers  is 
the  adjustable  and  smoke-consuming  bridge  wall. 
This  can  l)e  moved  backwards  or  forwards,  enlarg- 
ing or  contracting  the  fire-box,  and  adapting  it  to  any 
fuel. 

Fig.  39  shows  the  jiortable  engine  and  boiler 
known  as  the  "Book waiter  Engine,"  which  is  a  great 
favorite  in  the  South  and  West.  The  cut  shows  the 
entire  machine  so  plainly  that  a  detailed  description 
is  almost  unnecessary,  even  for  the  most  inexperienced 
in  such  matters.  The  boiler  is  what  is  known  as  the 
upright  tubular  boiler,  and  in  the  arrangement  of 
the  tubes,  furnace,  steam-space,  etc.,  is  very  siniilar  to 
Fig.  27. 

The  engine  is  simplicity  itself.  The  cylinder  is 
attached  to  the  boiler  in  a  vertical  position,  which 
prevents  the  usual  wear  and  tear  of  the  cylinder  and 
piston  when  placed  horizontally. 

The  crank-pin,  valv^stem,  piston-rod  and  slide, 
ai'e  made  of  steel.     Tho  journal  boxes  are  of  brass 
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Fig.  39.— The  Bookwalter  Engine. 

lined  with  Babbitt  metal.  The  stuffing-box  gland  ia 
a  brass  screw  glajid,  which  prevents  the  cutting  of  tlie 
pistoti-nxl  in  ease  the  slide  should  get  out  of  true. 
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The  valve  is  a  plain  slide-valve  with  sufficient  lap 
to  give  a  good  cut-oflF,  and  at  the  same  time  give  the 
exhaust  steam  an  early  and  free  release.  The  piston 
IS  of  the  usual  kind,  with  cast-iron  rings  set  out  by 
steel  springs.  The  steam-gauge,  safety-valve,  gover- 
nor and  glass-gauge  are  all  of  tlie  kind  in  general 
use,  and  need  no  special  description.  The  whole 
machine  is  plainly  but  compactly  built,  while  the 
material  and  workmanship  are  first-class.  The  whole 
reflects  great  credit  upon  the  builders,  Messrs.  James 
Leffel  &  Co.,  Springfield,  Ohio. 

Improved  Portable  Engine. 

Fig.  40  represents  a  portable  engine  made  by  the 
Taylor  Manufacturing  Company,  of  Westminster, 
Md.  These  engines  have  been  in  tlie  market  since 
1857.  The  Taylor  Manufacturing  Company  have 
purchased  all  of  the  patterns  of  the  Utica  Company, 
and  have  made  many  very  decided  improvements  in 
details  of  construction  while  holding  to  the  original 
well-tried  principles  of  the  engine. 

This  engine  answers  as  a  portable  engine  on  the 
boiler,  and  it  can  be  taken  olCand  set  upon  a  separate 
foundation  and  used  as  a  stationary,  and  when  so 
used  it  possesses  advantages  over  the  ordinary  side 
crank  stationary  engine,  as  it  has  a  compound  or 
center  crank  supported  by  two  ample  bearings  having 
gibs  for  adjustment.  The  journal  boxes  are  of  the 
kind  known  as  the  four-quarter  box.  They  are 
bolted  to  the  bed-plate,  which  sustains  the  working 


156       PRACTICAL  STKAM   ENGINEER'S  GUIDE. 

strain  of  the  engine  and  keeps  all  the  parts  in  line. 
Wlien  the  engine  is  used  as  a  portable,  the  bed-plate 
is  secured  to  the  boiler  by  means  of  stands  or  brackets^ 
bolted  to  the  boiler.  The  bolts  that  secure  the  frame 
to  the  brackets  are  made  so  as  to  allow  for  the  ex- 
pansion and  contraction  of  the  boiler  without  pro- 
ducing any  strain  on  the  engine  bed.  The  guides  are 
the  usual  locomotive  pattern,  and  the  cross-head  has 
large  and  ample  wearing  surfaces.  The  connecting- 
rod  is  made  of  the  best  hammered  iron,  straps  l)eing 
keyed  and  bolted  and  well  fitted  with  gun  metal 
boxes.  The  box  in  the  crank  end  of  the  rod  is  nia<le 
square  to  prevent  rocking  motion.  The  crank  shaft, 
which  is  of  good  size,  is  forged  of  the  best  hammered 
steel.  The  fly-wheels  are  heavy,  and  carefully  bal- 
anced. Much  care  is  taken  in  the  casting  of  the 
cylinder  so  as  to  have  good  wearing  metal.  The 
piston  is  fitted  with  the  usual  packing,  all  joints  of 
the  rings  being  carefully  ground  and  fitted  so  that 
the  rings  will  adjust  themselves  to  the  surface  of  the 
cylinder.  The  slide-valve  is  of  the  usual  D-valvo 
pattern,  proportioned  upon  correct  principles.  The 
boiler  is  economical  in  the  use  of  fuel,  and  the  engine 
uses  the  steam  to  the  brst  advantage.  The  Pickering 
governor  used  in  connection  with  this  engine  is  pro- 
vided with  a  double  valve  that  does  not  stick,  and 
also  with  a  stop  motion  that  prevents  the  engine  from 
running  away  in  case  the  governor  belt  breaks.  The 
speeder  attachment  is  so  arranged  that  the  speed  of 
engine  can  be  changed  fifty  revolutions  or  less  with- 
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out  altering  the  size  of  tiie  pulleys  or  stopping  the 
engine.  The  stop-motion  is  a  very  valuable  feature, 
and  will  prevent  such  accidents  as  occur  from  the 
running  away  of  the  engine.  The  engine  is  fitted 
with  a  pump  or  inspirator  as  may  be  desired,  and  is 
provided  with  a  heater  in  the  bed-plate  directly  under 
the  cylinder.  The  exhaust  steam  enters  the  hoait  r, 
heating  the  feed- water  and  escapes  through  a  plp^* 
into  the  smoke-stack.  The  heater  being  contai:i<^l  in 
one  end  of  the  frame  overcomes  the  object*o;Ktl.!o 
features  of  ex{)ansion  and  contraction  of  the  firM>)  '  or 
bed,  a  common  fault  with  many  engines  that  ]*:.--. 
tlie  heafer  running  the  whole  length  of  the  fraju:*. 

An  exhaust  nozzle  of  {peculiar  construction  is  plafx'l 
on  the  end  of  the  exhaust  pipe  in  the  smoke— UM-k. 
by  which  the  effect  of  the  escaping  steam  <^u  tlio 
draught  can  be  regulated  at  will  and  made  to  pio<l«'<o 
a  very  strong  draught  if  desired.  The  boiler  i  -nunc 
of  the  best  Pennsylvania  charcoal  iron,  ca  ^iliy 
fitted,  and  double  riveted  where  the  shell  is  coHii"-.  .cii 
to  the  fire  b<;x;  all  flat  surfaces  are  closely  f*:.  wo ; 
tlie  holes  punche<l  so  as  to  avoid  the  use  of  the  drift 
pin ;  the  crown-sheet  is  ptayeil  with  crown-bars  upon 
the  same  principles  now  used  by  the  best  locomotive 
builders,  and  is  provided  with  a  safety  fuse  plug  that 
melts  out  in  case  of  low  water,  and  puts  out  the  fire, 
thus  preventing  the  burning  and  injuring  of  the 
crown-sheet  and  providing  against  explosion  occur- 
ring from  that  cause.     The  flues  are  three  inches  in 

diameter,  of  the  best  American  lapwelded  make.    The 
14 
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boiler  is  provided  with  a  large  dome,  securing  large 
storing  capacity  for  dry  steam,  and  has  a  steara 
blower  for  blowing  fire;  it  is  securely  mounted  on 
strong  stands  and  sills,  and  is  provided  with  three 
gauge-cocks,  glass  water-gauge,  steam-gauge,  two  top- 
valves,  a  steam  whistle,  steam  flue  cleaner  and  fire- 
irons,  twenty  feet  of  smoke-stack,  and  double  spark- 
arrester.  The  engine  is  provided  with  automatic 
glass  oilers  and  cylinder  lubricator,  a  full  set  of 
wrenches,  oil  can,  and,  in  fact,  everything  that  should 
be  found  on  a  perfect  engine.  This  engine  represents 
only  one  style  or  class  of  portable  engine,  in  addition 
to  which  this  company  manufacture  the  well-known 
dry-steam  engine,  the  Utica  adjustable  cut-oflF  valve 
stationary  engine,  saw-mills,  and  the  clipper  vertical 
engines. 

The  Watertown  Portable  Engine. 

The  patent  portable  engine  shown  in  Fig.  41,  and 
built  by  the  Watertown  Steam  Engine  Co.,  Water- 
town,  N.  Y.,  is  the  result  of  thirty  years  of  careful 
study  and  repeated  experiment:  there  is  no  point  in 
its  design  and  construction  that  has  not  been  thor- 
oughly proved  by  use.  At  the  same  time  it  has 
maintained  itself  fully  abreast  of  the  times  in  the 
march  of  inventive  and  scientific  improvement. 
There  is  no  reeognizod  need  of  the  steam  user  for 
which  it  does  not  provide,  and  there  is  no  improve- 
ment, convenience  or  addition  of  decided  advantage 
to  the  modern  steam-engine  that  is  not  found  in  this 
engine. 
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While  we  recommend  the  stationary  engine,  where 
its  use  is  advisable,  and  especially  for  large  powers, 
there  are,  nevertheless,  many  instances  where  the 
temporary  nature  of  the  business,  the  necessity  for 
occasional  moving,  the  small  amount  of  power  re- 
quired, the  cost  and  inconvenience  of  brick  setting, 
the  immediate  need  of  power,  or  other  causes,  make 
a  portable  engine  the  more  desirable. 

Among  the  good  points  in  the  design  of  this  engine 
are  the  following: 

The  cylinder  is  placed  directly  upon  the  dome, 
which  has  a  large  planed  surface  to  receive  it.  By 
this  means  the  cylinder  and  steam  chest  are  kept 
constantly  at  a  high  and  even  temperature,  the  steam 
passages  are  reduced  to  a  minimum  length,  and  the 
condensation  of  steam  in  the  cylinder  and  steam  chest 
is  eflFectually  checked. 

To  this  mainly  is  due  the  remarkable  economy  of    . 
fuel   for  which  these  engines  are  noted,  and  from  this 
they  have  acquired   the   name  of  the   Dry  steam- 
engines.     In  addition  to  this  the  engine  is  lagged 
with  close  fitting  iron  staves. 

A  further  advantage  resulting  from  the  position 
of  the  cylinder  lies  in  the  fact  that  the  steam  is 
drawn  and  used  at  the  highest  point  of  the  boiler. 
There  are  no  long  pipes  where  the  steam  can  con- 
dense, and  from  which  it  must  drain  into  the  cylinder 
and  steam  chest.  Every  engineer  knows  that  water 
in  the  cylinder  is  a  most  fruitful  source  of  evil,  pro- 
ducing knocking  and  rattling,  and  sometimes  break- 
ing a  piston  or  cylinder  head. 
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The  position  of  the  cylinder  in  this  engine  goes  a 
long  way  towards  obviating  this  difficulty,  not  only 
preventing  "foaming  or  Working  water,"  but  also 
draining  the  water  of  condensation  back  in  the  boiler 
instead  of  into  the  working  parts  of  the  engine. 

Another  point  of  value  is  found  in  the  central 
position  of  the  engine  on  the  boiler.  The  strain 
from  the  working  of  the  engine  is  thus  received  by 
the  boiler  in  the  direct  line  of  its  greatest  strength, 
entirely  avoiding  the  cross  or  diagonal  strain  on  the 
riveted  seams  to  which  side-saddle  engines  are  so 
subject.  The  connecting  rod  takes  hold  of  the  centre 
of  a  double  crank  shaft,  with  wide  bearing  on  either 
side.  It  carries  two  pulleys,  balancing  the  weight 
and  permitting  the  engine  to  drive  two  machines  at 
the  same  time,  without  counter  shaft.  A  solid  and 
substantial  bed-frame  holds  both  bearings  for  the 
main  shaft,  the  guides  and  the  cylinder  all  in  perfect 
line.  The  main  objection  to  the  use  of  a  portable 
instead  of  a  stationary  engine,  is  that  the  working 
and  straining  of  the  engine  is  at  variance  with  that 
of  the  boiler,  thus  eventually  tending  to  throw  the 
engine  out  of  line,  or  to  twist  or  rack  the  bolts  by 
which  it  is  held.  This  engine  is  entirely  free  from 
these  objections;  it  differs  from  soma  other  portables 
in  that  it  does  not  depend  for  support  upon  the  shell 
of  the  boiler,  being  neither  hung  to  its  side  by  bolts, 
nor  supported  upon  a  line  of  brackets,  with  or  with- 
out the  intervention  of  a  bed-plate  upon  the  shell  of 
tho  boiler.     The  engine  is  planted   upon  the  broad 
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«cHd  surface  of  the  dome,  and  has  no  other  connection 
^ith  the  boiler  except  the  brackets  which  steady  the 
rear  end  of  tlie  frame.  Moreover,  by  this  method  of 
supporting  the  cylinder  upon  the  dome,  the  use  of  one 
or  more  brackets  bolted  over  the  fire  box  end  of  the 
l>oiler  is  avoided,  and  so  lessen  the  liabilities  to  rack- 
ing, strain  and  leakage;  at  the  same  time  the  bed- 
plate is  so  constructed  that  by  loosening  a  few  bolts 
the  engine  can  be  removed  from  the  boiler  and  set  up 
on  a  separate  bracket. 

The  shape  of  this  bed  frame  is  such  as  to  surround 
the  working  parts  and  protect  them  from  dust  or 
injury,  inclosing  the  bearings  and  guides,  and  not 
merely  supporting  them.  By  this  means  is  saved 
much  of  the  knocking  in  the  main  boxes,  that  often 
proves  so  troublesome  when  the  pillow  blocks  and 
guides  are  bolted  to  the  top  of  the  frame. 

The  position  of  the  heater  is  in  the  dome.  In  this 
position  it  cannot  be  reached  by  frost,  its  variations 
of  heat  and  cold  cannot  affect  the  working  of  the 
engine,  and  it  is  readily  accessible  in  every  part, 
at  once  in  the  hottest  position,  and  yet  entirely  out 
of  the  way. 

It  so  frequently  becomes  necessary  to  change  the 
speed  of  the  engine,  either  by  reason  of  a  change  in 
the  power  required,  or  the  addition  of  new  machin- 
ery, or  a  new  arrangement  of  gearing,  that  the 
builders  have  invented  and  added  to  this  engine  an 
adjustable  speeder,  with  which,  by  simply  turning 
a  hand  wheel,  the  speed  can  be  increased  or  dim  in- 


162        PRACTICAL  STEAM    ENGINEER'S   GUIDE. 

ished  50  or  100  revolutions,  without  stopping  the 
engine. 

They  have  also  added  a  perfect  stop  motion,  which, 
on  the  breaking  or  slipping  of  the  belt,  will,  by  the 
force  of  its  own  weight  alone,  shut  off  steam  and  stop 
the  engine.  There  are  no  cams,  levers  or  complicated 
work  to  produce  this  result;  there  is  no  possibility 
of  its  failing  to  work  promptly  and  with  perfect 
accuracy. 

The  governor  is  further  provided  with  a  self-oiling 
device  which  keeps  the  working  parts  constantly 
lubricated  and  prevents  the  sticking,  binding  and 
consequent  failure  to  govern  properly,  which  shows 
itself  after  the  first  few  months  in  so  many  otherwise 
reliable  engines. 

The  pump,  an  important  part,  but  too  often 
neglected,  is  especially  sure  and  reliable:  at  the  same 
time  it  is  so  simple  and  easily  accessible  that  by  the 
removal  of  two  bolts,  it  can  be  taken  entirely  to 
pieces  while  the  engine  is  running. 

The  pipes  of  the  pump  and  heater  are  so  arranged 
that  when  it  is  not  necessary  to  deliver  water  to  the 
boiler,  it  may  be  pumped  through  the  heater  and  be 
returned  to  the  tank  or  barrel ;  by  this  means  the 
feed  water  may  be  heated  to  a  very  high  degree. 
The  supply  of  water  to  the  boiler  may  be  perfectly 
regulated,  and  the  pump  need  never  run  dry. 

A  hose  is  attached  to  the  pump,  by  means  of 
which  water  may  be  thrown  a  considerable  distance — 
an  invaluable  device  for  laying  the  dust,  or  putting 
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out  an  incipient  fire.  Air-cocks  are  also  placed  in  tiie 
pump,  heater  and  pipes,  for  the  purpose  of  draining 
them  and  preventing  freezing  and  bursting  of  pipes 
in  cold  weather. 

We  call  particular  attention  to  the  fact  that  the 
joints  of  the  cylinder  are  all  ground,  not  packed ;  all 
hearings,  journals  and  wearing  surfaces  are  ample, 
and  are  all  provided  with  oil-cups.  All  the  working 
parts  are  made  so  as  to  be  easily  adjustable  to  any 
wear.  All  bolts,  nuts  and  screws  used  about  the  en- 
gine are  of  standard  size  and  thread,  and  in  case  of 
emergency,  can  be  replaced  at  any  good  machine- 
shop. 

The  piston-rod,  governor-arms  and  rod  are  of  steel, 
the  connecting-rod  of  best  wrought-iron,  with  boxes 
and  straps  milled  by  special  machinery. 

All  parts  of  the  engine  are  made  to  standard  gauges 
and  templates,  and  are  readily  duplicated. 

The  boiler  upon  which  the  efficiency  of  the  engine 
so  largely  depends,  is  designed  and  built  with  special 
reference  to  the  two  great  requisites,  economy  and 
safety.  Repeated  experiments  and  careful  study  have 
shown  how  to  secure  the  greatest  possible  eflBciency, 
with  the  least  consumption  of  fuel. 

Among  the  points  in  the  construction  of  the  boiler 
looking  to  this  end,  we  may  note  the  following: 

First.  The  circulating  water  bottom.  This  pro- 
vides for  the  circulation  of  the  water  in  the  boiler 
and  its  more  rapid  conversion  into  steam,  prevents 
the  accumulation   of  sediment  where  it  cannot   be 
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reached,  and  prevents  the  escape  of  ashes  into  the 
engine-room. 

Second.  The  fire-box  is  of  unusual  size,  and  at  the 
same  time  the  tubes  are  of  less  diameter  than  is  com- 
mon in  other  engines.  An  extra  large  water  surface 
thus  comes  in  itnmediate  contact  with  the  flame, 
which  is  also  slightly  retarded  in  its  progress  to  the 
chimney  by  the  contracted  area,  and  transmits  more 
of  its  heat  to  the  water. 

Third.  The  shell  of  the  waist  is  of  the  full  diame- 
ter of  the  fire-box.  Some  builders,  in  the  attempt  to 
cut  off  dead  water,  as  they  term  it,  make  the  mistake 
of  throwing  away  at  least  three  times  the  amount  of 
live  steam  room.  It  is  claimed  that  there  is  a  greater 
economy  in  this  design  (though  at  an  increased  cost 
to  the  builders)  as  well  as  of  its  freedom  from  work- 
ing water  and  foaming. 

Fourth.  These  boilers  are  all  made  with  an  open 
front.  There  are  no  wrought  or  cast  door  rings  about 
which  sediment  can  collect  or  leaks  appear,  nor  is  the 
cold  air  on  its  way  to  the  furnace  brought  at  once  in 
contact  with  the  heated  plate.  By  the  removal  of 
four  nuts  the  entire  fire-box  is  laid  open  for  cleaning 
and  repairs.  The.  arrangements  for  regulating  and 
directing  the  draft,  are  new,  and  especially  com- 
mendable. 

Fifth.  The.exhaust  steam  is  carried  into  the  smoke- 
box — killing  the  sparks  and  aiding  ,the  draft,  but, 
unlike  some  other  engines,  the  steam  is  carried  to  the 
level  of  the  lowest  flues.  By  this  is  secured  an  even 
draft,  which  prevents  the  lodgment  of  ashes  and  ciu- 


STANDARD  STEAM-ENGINES  AND   BOILERS.     165 

flers  in  the  bottom  tubes,  and  adds  largely  to  the  ef- 
fective power  of  the  boiler. 

As  regards  the  safety  of  these  boilers,  we  note: 

First.  The  flat  crown  sheet — which  is  also  braced 
and  stayed  by  heavy  wrought-iron  crown-bars,  in  the 
form  of  a  truss — enabling  the  sheet  to  stand  an 
enormous  pressure. 

Second.  Probably  no  point  of  a  boiler  is  so  severely 
strained  as  that  where  the  waist  and  fire-box  unite. 
In  a  large  majority  of  explosions  this  is  wliere  the 
first  giving  way  occurs.  For  this  reason,  is  not  only 
great  care  used  in  the  selection  of  material  and  the 
workmanship,  but  this  seam  is  double  riveted,  thereby 
adding  some  thirty  per  cent,  to  its  effective  strength. 

Third.  Every  boiler  is  supplied  with  a  fusible  phig 
in  the  crown-sheet,  which  will  melt  in  case  of  low 
water  and  permit  the  steam  to  put  out  the  fire. 

Fourth.  The"  locomotive-pop" safety-valve  is  fur- 
nished with  every  engine.  The  old  style  ball  and 
lever- valve  have  been  discarded,  because  found  inac- 
curate— rarely  closing  within  five  pounds  of  where 
it  opened — unreliable,  rusting  and  sticking  to  its  seat 
unless  constantly  looked  after,  and  very  apt  to  be 
tampered  with,  overlooked,  or  fastened  down  by  the 
engineer.  The  new  valve  does  not  stick  or  bind, 
cannot  be  altered  from  the  pressure  at  which  it  is  set, 
and  can  be  depended  on  to  open  and  close  in  exact 
accord  with  the  steam-gauge. 

Fifth.  The  greatest  possible  care  is  exercised  in  re- 
gard to  both  material  and  workmanship.  A  careful 
examination  of  every  plate  is  made  before  it  is  allowed 
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to  go  into  the  boiler;  the  patterns  are  so  carefully  pro- 
portioned and  accurately  made  that  the  sheets  come 
together  without  straining,  drifting,  or  twisting.  The 
bracing,  staying  and  riveting  is  done  in  the  most 
thorough  manner.  The  tubes  are  best  American  lap- 
welded,  and  are  expanded  and  beaded  by  a  new  im- 
proved process. 

The  smok^-chamber  is  made  by  extending  the  shell 
of  the  boiler ;  there  are  no  joints  through  which  either 
ashes  or  sparks  may  escape.  It  is  provided  with  a 
large  iron  door  for  cleaning  the  fliies— hand-holes  are 
placed  in  the  lower  part  of  the  boiler  for  purposes  of 
cleaning. 

Every  boiler  is  thoroughly  tested  as  soon  as  com- 
pleted, and  when  the  entire  engine  is  finished  it  is 
fired  up  and  again  tested,  being  run  for  several  hours 
at  a  high  pressure,  under  a  heavy  load,  until  it  is 
known  that  every  part  is  perfect. 

Fig.  42  represents  a  style  of  portable  engine  de- 
signed expressly  for  use  in  dairies,  cheese  factories, 
laundries,  printing  offices  and  small  manufactories 
where  a  light  power  is  required,  that  shall  be  at  once 
economical,  safe,  reliable  and  easily  cared  for.  It  is 
placed  centrally  upon  the  boiler,  balancing  the  weight, 
avoiding  side  strain,  and  carrying  two  drive  pulleys, 
one  on  each  side.  The  cylinder  is  placed  upon  the 
dome,  with  short  and  direct  steam  passages.  By  this 
means  the  condensation  of  steam  ineffectually  guarded 
against,  and  foaming  or  working  water  into  the  cyl- 
inder is  prevented. 
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The  governor  which  is  used  on  all  these  engines  is 
provided  with  an  automatic  stop  motion,  which  wiU 
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the  engine  may  he  adjusted^  while  the  engine  is  ran- 
ning,  to  meet  the  requirements  of  the  work  to  be 
done.  The  governor  has  also  a  self-oiling  device. 
The  pump  is  very  reliable;  it  is  easily  taken  apart^  is 
simple  in  construction,  and  is  provided  with  abun- 
dant means  for  cleaning,  j)acking  or  draining.  All 
the  working  parts  are  inclosed,  j)rotected  and  held  in 
line  by  a  substantial  iron  bed  or  frame. 

All  these  engines  are  supplied  with  a  "  pop"  safety- 
valve. 

The  material  used  in  both  boiler  and  engine  is  of 
the  best  quality;  the  workmanship  is  first-class  in 
every  particular. 

The  boiler  is  of  the  return  tubular  pattern.  The 
heat  passes  under  the  boiler,  through  its  entire  length, 
and  returns  through  the  flues  to  the  smoke-chamber. 
The  furnace  has  a  shell  of  heavy  wrought-iron,  lined 
with  fire-brick  for  its  entire  length.  There  is  no 
crown-sheet  and  no  water  leg.  The  lowest  point  of 
the  boiler  is  that  directly  over  the  fire.  For  these 
reasons  it  is  peculiarly  safe  from  explosion,  and 
adapted  for  use  where  it  is  not  convenient  to  employ 
the  entire  time  of  the  engineer  in  the  care  of  his  en- 
gine. The  fire-brick  are  easily  removed  or  replaced, 
and  can  be  removed  when  burnt  out,  at  small  cost 
In  this,  there  is  an  obvious  advantage  over  the  water 
leg,  which,  when  burned,  can  only  be  repaired  with 
considerable  difficulty  and  expense.  A  hand-hole  is 
provided,  through  which  every  part  of  the  boiler  can 
be  reached. 
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The  furnace  has  an  adjustable  bridge- vvall^  adapt- 
ing it  to  the  use  of  different  kinds  of  fueU  It  is  pro- 
vided with  large  double  doors,  making  every  part 
perfectly  accessible  for  cleaning  or  repairs. 
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transportation,  with  great  strength  at  the  same  time. 
It  may  be  moved  where  needed,  and  can  be  used  thus 
to  run  saws  for  sawing  1uml)er,  the  threshing-machine 
for  threshing  grain,  the  cotton-gin  for  separating  the 
cotton  fibre  from  the  seed,  or  whatever  other  labor 
may  be  required.     This  engine  la  indeed  a  model  for 


^'S--    43— The  Eclipse  Agricultnral  Steom-Enrine. 

ft    ;        ^y»    simplicity,  durability,  economy,  and  safety. 
'^m^|,  *Iie    horizontal  style,  while  it  can  be  easily 

syJt    I  ^*"om  the  top  of  the  boiler  and  placed  on  a 

can    1  *-**>nfiation,  and  at  anytime  when  desired, 

J*  ^-«-»   as  a  stationary  engine. 

gftisit    element  of  strength  is  that  the  cylinder- 
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head,  guides  for  cross  head,  and  the  bearings  for 
crank-fihafty  are  all  cast  in  one  solid  pieoe,  so  that  it 
is  utterly  impossible  for  the  important  working  parts 
ever  to  get  oat  of  line.  The  bed  on  which  the 
working  parts  rest  is  bolted  to  brackets  on  the  boiler 
when  used  as  a  portable,  or  a  foundation  when  nsed 
stationary.  One  of  the  incidental  advantages  of  this 
solidiy-formed  bed  is  that  it  receives  all  the  oil  and 
drippings  from  the  moving  parts,  which  otherwise 
would,  drop  on  the  boiler,  and  make  it  difficult  to 
keep  it  clean,  while  an  oil  channel  leads  this  oil  away 
through  a  small  tube  provided  for  that  purpose. 

All  the  exposed  parts  are  covered  with  felt  and 
jacketed  with  sheet-iron,  so  as  to  prevent  loss  of  heat 
by  radiation,  and  at  the  same  time  improve  the  ap- 
pearance. The  precaution  is  taken  to  bolt  the  steam- 
cylinder  at  one  end  only  to  the  bed,  so  as  to  allow  it 
freedom  of  expansion ;  and  as  the  other  parts  lengthen 
in  the  same  direction,  the  engine  has  the  same  lead 
and  clearance  at  all  temperatures.  The  crank-shaft 
is  double  and  extends  far  enough  at  either  side  to  re- 
ceive a  pulley  or  fly-wheel,  which  will  rotate  free  of 
the  boiler.  It  is  made  of  good  forged  iron.  The 
piston  has  a  metallic  packing,  self-adjusting,  so  that 
it  will  always  fit  while  wearing  out;  the  piston-rods 
are  steel,  and  therefore  smaller  than  those  of  iron, 
which  diminishes  friction  and  increases  the  working 
area  of  the  piston. 

The  boiler,  that  most  expensive  and  most  important 
part  of  any  engine,  is  made  in  the  locomotive  style. 
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securing  the  greatest  possible  amount  of  heating  sur- 
face and  water  space,  combined  with  the  smallest 
possible  amount  of  bulk.  The  shell  is  made  of  the 
best  Pennsylvania  sheet-iron,  and  the  tubes  of  the 
best  lap-welded  iron.  The  under  side  of  the  furnace 
is  semi-circular,  forming  an  ash-pan  around  which 
the  water  circulates  freely,  preventing  accumulation 
and  adhesion  of  sediment  in  the  part  of  the  furnace 
below  the  grate.  The  makers  of  this  engine  had 
noticed  that  the  water-legs  of  locomotive  boilers  are 
subject  to  the  adhesion  of  scale,  which  is  very  injuri- 
ous to  the  boiler,  and  that  this  is  caused  by  the  shape 
of  the  furnace  bottom,  which  causes  stagnation  of 
the  water  there;  the  circular  water-bottom  causing 
a  circulation,  removes  this  cause  of  harm.  We 
mention  these  details  only  as  a  few  specimens  of  the 
many  precautions  which  the  makers  found  necessary 
to  take,  in  order  to  produce  a  really  good  and  reli- 
able engine. 

The  smoke-stack  is  hinged,  for  the  double  purpose 
that  it  should  be  out  of  the  way  when  storing  the 
engine  under  shelter,  and  to  avoid  the  shaking  of  the 
long  perpendicular  cylinder  during  transportation. 
It  has  also  a  spark-arrester,  so  that  even  straw  when 
placed  on  the  top  of  it  will  not  ignite.  The  same 
safety  exists  l)elow  at  the  ash-pan,  which  is  provided 
with  a  close-fitting  door,  which  can  be  closed  if  found 
advisable.  Further,  there  are  a  suction-hose,  strainer, 
steam  and  water-gauges,  gauge-cocks,  safety-valve, 
steam- whistle,  governor,  etc.     In  fact,  it  is  a  most 
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complete  agricultural  eugine,  and  we  do  not  doubt 
that  the  day  is  not  far  distant  when  such  an  engine 
will  be  judged  as  necessary  on  every  large  farm  as 
any  other  farming  tool. 

Fig.  44  shows  Bradford's  Excelsior  Portable  En- 
gine. In  the  Excelsior  engine  the  dome  of  the  boiler 
contains  the  heater — the  base  of  the  cylinder  being 
joined  to  the  top  of  the  dome  by  a  large  planed  sur- 
face. The  heat  of  the  boiler  is  imj^arted  to  the 
cylinder,  which,  being  lagged  also  with  close  fitting 
iron  staves,  effectually  checks  condensation  of  steam, 
and  makes  the  engine  very  economical  in  the  use  of 
steam  and  fuel.  The  wrought  shaft  having  double 
crank  and  carrying  two  pulleys,  the  frame  bears  the 
two  main  boxes,  and  is  joined  to  the  cylinder  so  that 
the  strain  is  central,  thus  avoiding  the  side  strain 
which  single-pulley  side  engines  are  subject  to. 
These  engines  are  furnished  complete  with  all  at- 
tachments, and  every  boiler  is  fully  tested  before 
leaving  the  shop.  There  is  no  part  of  either  boiler 
or  engine  that  cannot  be  removed,  examined,  and 
replaced  in  a  very  brief  time.  The  frame  cylinder 
head  guides  and  boxes  for  main  shaft  are  cast  in  one 
piece,  avoiding  all  strain,  and  rendering  it  next  to 
impossible  for  these  parts  to  work  out  of  line.  The 
boilers  are  well-proportioned,  are  large  and  strongly 
made.  All  of  them  are  fitted  with  "pop"  safety- 
valves,  which  are  as  reliable  as  a  steam-gauge.  If 
the  belt  breaks  or  runs  off,  the  governor  stops  the 
engine  at  once  without  jar  or  strain.     The  speed  is 
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adjustable,  and  can  be  changed  to  suit  the  work,  100 
turns  faster  or  slower,  without  stopping  the  engine. 
All  parts  of  the  engine  are  interchangeable,  and  can 
be  duplicated  at  any  time. 


CHAPTER  V. 

STANDARD  AMERICAN  STEAM  FIRE-ENGINES. 

The  history  of  the  various  methods  and  appliances 
for  extinguishing  fires  contains  much  of  interest.  The 
earliest  notice  of  machines  used  for  this  purpose  is 
in  some  allusions  of  ancient  Koman  writers  to  an 
apparatus,  nowhere  described,  called  a  "sipho,"  while 
next  we  hear  of  a  Roman  architect  who  utilized  the 
gut  of  an  ox  as  hose,  having  a  bag  filled  with  water 
affixed  to  it;  by  compressing  the  bag,  the  water  was 
forced  through  the  tube.  In  early  periods  of  English 
and  French  history  the  chief  protection  against  fires 
consisted  in  the  care  with  which  those  used  for 
domestic  purposes  were  managed.  The  curfew  bell 
was  sounded  at  eight  o'clock  as  a  signal  for  the  ex- 
tinguishing of  fires.  Later  on,  in  1518,  we  read  of 
"  instruments  for  fires,''  and  "  water  syringes  useful 
at  fires,''  being  in  use  at  Augsburg,  Germany;  but 
the  first  fire  engine  of  which  we  find  any  account  was 
constructed  at  Nuremberg  in  1657.  It  is  described 
as  being  placed  upon  a  sledge  two  feet  long  and  four 
broad.  It  had  a  cistern  eight  feet  long,  four  feet 
high,  and  two  feet  wide.  It  was  moved  by  twenty- 
eight  men,  and  forced  a  stream  of  water  an  inch  in 
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diameter  to  the  height  of  eighty  feet.  The  cylinders 
lay  in  a  horizontal  position  in  a  box.  There  was  no 
air-chamber,  nor  anything  more  than  a  short,  flexible 
discharge-pipe.  A  quarter  of  a  century  later  leathern 
hose  was  first  introduced.  In  England,  at  the  close 
of  the  sixteenth  century,  the  only  engines  known 
were  "  hand  squirts,"  or  syringes  made  of  brass,  and 
holding  two  or  three  quarts  of  water.  Each  one  re- 
quired the  labor  of  three  men,  one  on  each  side  to 
hold  the  instrument  steady  with  one  hand  and  to 
direct  the  nozzle  with  the  other,  while  the  third  man 
worked  the  plunger.  When  discharged,  the  piston 
was  taken  out  and  the  nozzle  was  dipped  in  water, 
which  flowed  in  and  filled  the  body.  This  device  was 
afterwards  fitted  to  a  portable  cistern,  and  furnished 
with  levers  for  working  the  piston.  Later  on,  hand 
engines  were  introduced  into  that  country,  from 
whence  they  were  shipped  to  the  new  world,  improve- 
ments following,  until  in  1830  the  first  steam  fire 
engine  was  invented  by  Mr.  Brathwaite  in  London. 
This  first  engine  was  barely  6  horse  power,  weighing 
a  little  over  5,000  pounds;  was  furnished  with  an  up- 
right boiler,  in  which  steam  was  generated  to  a  mod- 
erate working  pressure  in  20  minutes,  and  was  capable 
of  forcing  150  gallons  of  water  per  minute  from  80  to  90 
feet  high.  But  in  the  half  century  which  has  elapsed 
since  the  invention  of  this  machine  what  mighty  im- 
provements have  followed  !  Instead  of  150  gallons 
per  minute  being  thrown  90  feet,  by  the  use  of  a  first- 
size  Silsby,  900  gallons  can  be  thrown  325  feet. 
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The  first  attempt  made  in  the  United  States  to  con- 
struct a  steam  fire-engine  was  that  of  Hodge,  who 
built  one  in  New  York  in  1841.  It  was  a  strong  and 
very  effective  machine,  but  was  far  too  heavy  for 
rapid  transportation.  The  late  I.  K.  Fisher,  who 
throughout  his  life  persistently  urged  the  use  of 
steam-carriages  and  traction-engines,  designing  and 
building  several,  also  planned  a  steam  fire-engine. 
Two  were  built  from  his  design  by  the  Novelty 
Works,  New  York,  about  1860.  They  were  "self- 
propellers,"  and  one  of  them  built  for  the  city  of 
Philadelphia  was  sent  to  that  city  over  the  country 
roads,  driven  by  its  own  engine.  The  other  was  built 
for  and  used  by  the  New  York  Fire  Department,  and 
did  good  service  for  several  years.  These  engines  were 
heavy,  but  very  powerful,  and  were  found  to  move  at 
good  speed  under  steam,  and  manoeuvre  well.  The 
Messrs.  Latta,  of  Cincinnati,  soon  after  succeeded  in 
constructing  comparatively  light  and  very  effective  en- 
gines, and  the  fire  department  of  that  city  was  the  first 
to  adopt  the  steam  fire-engine  definitely  as  their  prin- 
cipal reliance.    This  change  has  now  become  general. 

The  steam  fire-engine  has  now  entirely  displaced 
the  old  hand-engine  in  large  cities.  It  does  its  work 
at  a  fraction  of  the  cost  of  the  latter.  It  can  force  its 
water  to  a  height  of  225  feet,  and  to  a  distance  of 
more  than  300  feet  horizontally,  while  the  hand- 
engine  can  seldom  throw  it  one-third  these  distances ; 
and  the  "steamer"  may  be  relied  upon  to  work  at  full 
power  many  hours,  if  necessary,  while  tiie  men  at  the 
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hand-engine  soon  become  fatigued,  and  require  fre- 
quent relief.  The  city  of  New  York  has  forty  steam 
fire-engines;  Philadelphia^  twenty-eight. 

In  the  steam  fire-engine  (Fig.  45),  reciprocating 
engines  and  pumps  are  adopted,  as  shown  in  section, 
in  which  A  is  the  furnace,  and  B  the  set  of  alasely- 
set  vertical  fire-tubes  in  the  boiler ;  G  is  the  com- 
bustion-chamber;  D,  the  smoke-pipe;  i?,  the  steam- 
space;  E  is  the  steam-cylinder,  and  F  the  pump, 
which  is  seen  to  be  double-acting.  There  are  two 
pairs  of  engines  and  pumps,  working  on  cranks,  set 
at  right  angles,  and  turning  a  balance-wheel  seen 
behind  them.  O  is  the  feed-pump  which  supplies 
water  to  the  boiler;  iJ,  the  air-chamber  which 
equalizes  the  water-pressure,  which  reaches  it  through 
the  pipe  J,  J,  K  is  the  feed-water  tank,  under  the 
driver's  seat,  i,  which,  with  the  engine  and  boiler, 
is  carried  on  the  frame,  M^  M.  The  fireman  stands 
on  the  platform,  N.  When  it  is  necessary  to  move 
the  machine,  an  endless  chain  connects  the  crank-shaft 
with  the  rear  wheels,  and  the  engine,  with  pumps 
shut  off,  is  thus  made  to  drive  the  wheels  at  any 
desired  speed.  A  self-propelling  engine  by  the 
Amoskeag  Company  has  the  following  dimensions 
and  performance ;  weight,  4  tons ;  speed,  8  miles  per 
hour;  steam-pressure,  75  pounds  per  square  inch; 
height  of  steam  from  \\  inch  nozzle,  225  feet ;  If  inch 
nozzle,  150  feet;  distance  horizontally,  1\  inch  nozzle, 
300  feet;  IJ  inch,  250  feet — a  performance  which 
contrasts  wonderfully  with  that  of  the  hand-worked 
fire-engines,  which  these  engines  have  now  supersede*}. 
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New  Double  Cylinder  Steam  Fire- Engine. 

Fig.  46  shows  the  Double  Cylinder  Steam  Fire- 
Engine,  manufactured  by  the  Clapp  &  Jones  Manu- 
facturing Company,  of  Hudson,  N.  Y. 

The  pump  is  of  novel  construction,  and  is  so  ar- 
ranged that  by  taking  off  the  heads  (which  can  be 
done  in  less  than  ten  minutes),  the  valves  are  taken 
out  at  the  same  time,  making  it  very  convenient  for 
repairs  or  cleaning  out,  if  either  is  required.  The  ar- 
rangements and .  proportions  are  such,  and  the  dis- 
placement by  the  plunger  so  large  in  proportion  to 
the  space  at  the  ends  of  the  pump,  that  water  can  be 
lifted  to  a  very  great  height.  The  pump  is  made 
entirely  of  composition  (copper  and  tin),  with  no  iron 
parts  to  rust,  and  is  so  constructed  as  to  require  no 
leathei  packing  or  springs.  By  introducing  the 
water  in  the  centre  of  the  front  head,  there  is  the 
advantage  of  an  equal  distribution  of  the  water 
through  the  annular  space  to  all  sides  of  the  pump 
cylinder  and  valve  chambers,  making  a  very  free 
water  course  to  the  valves.  The  pump  is  double 
acting,  and  both  ends  are  alike,  so  that  the  valves 
from  one  end  will  fit  perfectly  in  the  other. 

The  boiler  has  great  steaming  capacity,  and  is  pro- 
vided with  a  peculiar  arrangement  for  the  circulation 
of  the  water,  which  is  of  the  highest  importance  in 
boilers  that  operate  so  quickly,  and  are  required  to 
make  so  much  steam  in  so  small  a  space  as  is  necessary 
in  steam  fire-engines.  The  boiler  is  so  constructed 
that  every  part  can  easily  be  reached  in  case  repairs 


STANDABD   AMERICAN  STEAM   FIRE-ENGINES.     181 

are  neeiled.  These  l)oilers  are  claimed  to  bear  the 
strongest  firing  without  the  least  danger  of  overheat- 
mgy  and  to  make  all  the  steam  that  can  be  used, 
working  with  an  open  throttle  while  doing  the 
hardest  possible  work. 

These  engines  are  so  arranged  that  the  centre  line 
of  pressure  comes  in  the  centre  of  the  frame  work, 
giving  the  greatest  strength  with  the  least  weight  of 
material.  The  whole  construction  of  the  engine  is 
simple,  therefore  they  are  not  liable  to  get  out  of 
repair,  and  do  not  require  an  engineer  so  well  skilled 
as  more  complicated  machines. 

The  Holly  Rotary  Engine 

is  shown  with  head  removed  in  Fig.  47.  Its  con- 
struction and  mode  of  oi)eration  will  be  apparent 
from  the  following  description  : 

The  engine  consists  of  a  pair  of  corrugated  cams 
running  together  within  an  elliptical  steam-tight  case. 
The  steam  enters  at  A  and  exhausts  at  By  turning  the 
two  cams,  Cand  D,  in  its  passage.  The  ends  of  the 
long  teeth  are  packed  by  blocks  of  metal  inserted  into 
the  grooves  and  pressed  out  by  springs.  These  can 
be  taken  out  and  replaced  in  a  lew  minutes,  by  means 
of  openings  in  the  sides  of  the  case,  entirely  prevent- 
ing the  necessity  of  taking  the  engine  apart.  The 
sides  of  the  cams  are  turned  to  fit  the  case,  and,  while 
being  steam-tight,  arc  so  arranged  that  not  only  due 
allowance  is  made  for  contraction  and  expansion,  but 
any  little  wear  there  may  be  after  yeans  of  service 

can  be  easily  taken  up  in  a  very  short  time. 
16 
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Simptieiitf  of  Engine. 
As  will  have  been  seen,  the  moving  parts  are  two 
in  numl>er,  and  friction  and  wear  are  reduced  to  a 
minimum.  Slide-valves,  valve-rods,  connecting-rods, 
eccentrics,  straps,  yokes,  and  \ilocks,  or  cross-heads, 
cranks,  halaucti-wheeb,  and  tlie  other  complications 


Fig.  47. 

of  piston  engines,  are  entirely  done  away  with. 
Many  reci  I  (rotating  engines  have  as  many  as  from 
twenty  to  thirty  moving  pails. 

Stcatliness  of  Etup.ne. 
As  the  parts  of  the  engine  revolve  rapidly,  con- 
tinuously, and  without  change  of  8pee<i  or  direction, 
there  is  no  jarring  communicated  by  them  to  other 
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parts  of  the  machine.  On  the  score  of  steadiness, 
therefore,  the  superiority  of  this  engine  ovor  re- 
ciprocating engines  is  so  noticeable  as  to  attract  im- 
mediate attention. 

Compactness  of  Engine. 

The  motion  being  circular,  a  much  higher  pibton 
speed  is  permitted  than  is  at  all  possible  in  the 
cylinder  of  a  reciprocating  engine  of  the  same  size. 
No  space  is  required  for  incessant  forward  and  back- 
ward motion  of  connecting  parts,  as  in  reciprocating 
engines. 

Power  of  Engine. 

As  the  engine  does  not  have  to  waste  from, one-third 
to  one-half  its  force  in  moving  its  own  parts  violently 
about,  it  is  safe  to  claim  for  it  a  material  increase  in 
efficiency  over  reciprocating  engines.  It  can  perform 
effective  service  with  very  low  steam  pressure,  from 
fifty  to  sixty  pounds  being  all  that  is  necessary  for 
fire  duty,  while  over  eighty  pounds  is  seldom,  if  ever, 
required  ;  contrasted  with  which,  many  reciprocating 
engines  Imve  to  use  at  fires  as  high  as  one  hundred 
and  twenty  pounds  of  steam. 

The  Pump 

is  on  the  frame,  in  a  line  with  the  engine,  and  its  con- 
struction is  similar.  Each  cam  in  the  pump  has 
three  long  teeth  instead  of  two,  which  insures  a 
steadier  motion.     The   packing  ia  the  sam^.     The 
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cams,  G  and  H,  are  fixed  on  steel  sliall^,  one  of  wliicli 
is  eoupied  to  the  corresponding  shaft  of  t!ie  engine. 
The  action  between  the  engine  and  pnmp  is  direct,  the 
outeide  geara  steadying  the  motion  and  equalizing  the 
pressure.  As  will  be  seen  by  Fig.  48,  the  water 
enters  at  E  and  dischat^cs  at  F.    The  water  spaces 


Fig.  48. 

are  large,  allowing  free  passage  for  any  foreign  matter 
that  may  enter  the  pump ;  and  sandy,  dirty,  or  gritty 
wiater,  that  would  cut  a  piston  jtump  to  pieces^  can  be 
worked. 

Smplic'dy  of  Pump. 
As  in  the  engine,  there  is  an  entire  absence  of  all 
those  working  parts,  such  as  valves  and  other  ad- 
juncts, which  cause  complication,  friction,  and 
liability  to  derangement.  Siime  of  the  reciprocating 
machines  have  in  their  pumps  from  thirty  to  forty 
delicate  valves,  with  springs  and  gn)uiid  surfaces, 
whose  only  office  is  to  partly  remedy  the  faults  of  the 
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reciprocating  principle.  When  these  valves  stick,  or 
do  not  seat,  the  efficiency  of  the  machine  is  greatly 
compromised,  and,  when  operating  at  their  best,  they 
obstruct  the  water  in  its  already  disturbed  and  inter- 
mittent passage. 

Steadiness  of  Pump. 

The  motion  of  this  pump  is  equable,  continuous, 
and  rotary ;  no  blows  are  given  to  the  water,  which 
enters  and  leaves  in  one  continuous  flow,  and  no 
irregular  motion  to  the  stream.  With  the  pump  of 
a  reciprocating  steam  fire-engine,  the  stroke  is  so 
rapid  that  the  pump-barrels  have  not  time  to  rapidly 
fill  and  empty,  the  blows  and  jars  are  communicated 
to  the  stream,  causing  it  to  waver,  and  to  the  whole 
machine,  causing  it  to  rock  and  jump  about,  necessi- 
tating its  being  "jacked  up"  off  the  springs  while 
working,  if  vertical,  or  "  chocked,"  if  horizontal. 
Even  this,  however,  does  not  obviate  that  straining 
and  bursting  of  the  hose  and  wavering  of  the  stream, 
caused  by  the  rapidly  repeated  blows  of  the  recipro- 
cating piston,  nor  does  it  do  away  with  the  chafing 
of  the  hose  against  the  wheels  or  ground.  This  en- 
gine, on  the  other  hand,  stands  perfectly  still,  even 
when  running  to  its  full  capacity,  and  does  not  wear 
or  chafe  the  hose. 

With  the  same  nozzle  and  pressure,  one  man  can 
hold  the  discharge-pipe  of  this  engine  as  easily  as 
three  can  manage  that  of  a  reciprocating  machine. 
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ReliabilUy  and  Durability  of  Pump, 

There  being  no  valves  in  the  pump  to  stick,  clog, 
or  rot,  it  is  always  ready  i'or  work ;  it  also  requires 
no  priming.  Sand,  grit,  leaves,  sticks,  saw-dust,  or 
dirt  cannot  clog  it;  and,  the  pump  being  chambered, 
it  cannot  be  cut  or  otherwise  injured  by  them.  The 
water-ways  are  large,  direct,  short,  and  unobstructed. 

The  Silsby  Boiler 

is  made  of  Siemens-Martin  homogeneous  steel,  and  is 
of  peculiar  and  improved  construction.  It  is  verti- 
cal, and  both  tubular  and  tubulous ;  t.  e.,  there  is  an 
extended  heating  and  circulating  surface  of  water- 
tul)es  in  addition  to  the  ordinary  smoke-flues. 

A  is  Hie  fire-box,  with  water-leg.  From  the  crown- 
sheet  hang  circulating  water-tubes,  C,  clased  at  the 
lower  ends  and  tightly  screwed  into  the  sheet.  These 
tubes  are  inclined  so  as  to  best  receive  the  heating 
action  of  the  fire.  One  of  them  is  shown  detached  in 
Fig.  49.  Within  each  of  these  tubes  is  a  light  iron 
tube,  down  which  the  water  passes  after  being  heated 
by  contact  with  the  smoke-flues,  D.  Becoming  highly 
heated  and  evaporated,  the  resultant  steam  escapes 
through  the  openings  at  the  bottom,  passes  upwards 
through  the  annular  space  between  the  inner  and 
outer  tube,  and  becomes  still  further  heated.  Reach- 
ing the  upper  chamber,  it  is  further  heated  and  dried 
by  the  smoke-flues,  D. 

The  boiler  may  be  fed  with  cold  water  if  desired, 
although    special    heating    apparatus    enables    the 
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feed-water  to  enter  the  boiler  from  the  tank  at  a 
temperature  of  212°,  resulting  in  great  speed  and 
economy  in  steaming.  The  boiler  can  also  be  fed 
direct  from  the  main  pump. 

The  water-flues  can  be  taken  out  and  replaced  in  a 
few  minutes;  and  the  smoke-flues,  being  fastened 
from  the  crown-sheet  to  the  top-head  of  the  boiler, 
are  easily  accessible  by  removing  the  dome,  should 
repairs  become  needed,  it  not  being  necessary  to  tear 
the  boiler  to ,  pieces,  as  is  the  case  with  some  others. 
The  boiler  will  raise  steam  from  cold  water  in  from 
4  to  6  minutes ;  it  has  great  steaming  qualities ;  will 
burn  either  coal  or  wood ;  will  not  foam  or  prime, 
and  there  is  no  danger  of  its  over-heating.  There  ia 
a  dump-grate,  so  that  the  fire  can  be  drawn  instantly, 
if  desired. 

The   Silsby  Steam  Rotary  Fire- Engine. 

In  1854  the  invention  of  the  Holly  Rotary  pump, 
which  became  the  property  of  the  Silsby  Manufactur- 
ing Company,  Seneca  Falls,  N.  Y.,  opened  a  new 
career  for  its  genius,  energy  and  capital.  At.  that 
time  the  attention  of  the  public. was  being  attracted 
to  various  experiments  in  the  construction  of  st^am 
fire-engines,  and  Mr.  Silsby,  the  senior  member  of 
the  company,  quite  in  opposition  to  the  judgment  of 
his  associates,  determined  to  enter  the  field  of  compe- 
tition. In  the  year  1856  the  first  Silsby  Rotary 
steamer  was  presented  to  the  public — ^the  first  of  any 
kind  whatever  having  been  brought  out  only  three 
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years  previous.  Thus  it  will  be  seen  that  Mr.  Silsby 
was  literally  one  of  the  pioneers  in  the  manufacture 
of  steam  fire-engines.  He  was  also  the  first  to  pro- 
duce a  practical  and  successful  steam  fire-engine. 

From  its  birth  the  Rotary  encountered  an  unrea- 
sonable and  unbending  prejudice  among  machinists 
and  engineers  against  the  rotary  system.  Without 
test  or  trial  the  verdict  was  almost  universally  pro- 
nounced that  they  must  necessarily  prove  a  failure 
and  it  was  therefore  useless  to  test  them.  In  the  face 
of  actuial  tests  developing  their  superiority,  prejudice 
often  assumed  the  form  of  bigoted  opposition,  and  it 
seemed  almost  impossible  in  the  presence  of  these 
combined  adverse  elements  brought  about  by  the 
friends  of  the  piston  system  that  the  Rotary  should 
ever  achieve  success.  But  while  it  was  a  fight  among 
giants,  the  Rotary  proved  to  be  the  most  formidable 
giant.  All  barriers  have  been  broken  down ;  prgu- 
dices  have  been  conquered  by  the  inevitable  force  of 
actual  worth ;  twenty-five  years  of  uninterrupted  suc- 
cess have  silenced  all  cavil,  and  to-day  the  Silsby  Ro- 
tary is  acknowledged  par  exceUencCy  the  model  fire- 
steamer  of  the  world.  Wherever  the  Rotary  has  once 
obtained  foot-hold  and  its  merits  have  become  known, 
it  has  never  been  successfully  supplanted,  and  where 
it  has  been  the  longest  in  service  there  it  is  the  most 
highly  prized.  (See  Fig.  60.) 

The  struggle  of  the  Rotary  for  position  has  been 
one  of  peculiar  tenacity.  Every  manufacturer  of  a 
piston-engine  was  interested  in  the  crushing  of  this 
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new  and  promising  candidate  for  popular  favor,  and 
in  all  competitive  trials  the  conditions  were  made  as 
uniformly  unfavorable  as  possible  for  the  Rotary. 
But  these  devices  were  unavailing.  It  was  always 
found  that  the  Rotary  would  take  water  where  the 
piston  could,  not,  that  when  the  throttle  was  opened 
the  Rotary  was  ready  to  go  to  work,  and  that  there 
Bhe  would  stand  and  continue  to  work  as  long  as 
human  endurance  could  supply  her  with  fuel  for  mo- 
tive power.  Some  of  the  most  wonderful  exhibitions 
of  hydraulic  power  shown  by  the  Silsby  Rotary  Steam 
Fi re-Engine  have  excited  world-wide  comment.  At 
Buffalo,  one  of  the  Silsby  steamers,  connected  with 
the  fire  department,  was  in  actual  service  working 
under  steam  for  three  weeks.  At  Cape  May,  N.  J., 
when  the  water-works  gave  out,  a  Rotary  steamer 
worked  twenty-three  days  and  nights,  supplying  the 
whole  city  with  water.  The  same  was  the  case  at 
Burlington,  Iowa,  where  for  several  days  a  steamer 
forced  water  for  the  city  through  over  nineteen  miles 
of  pipe.  At  Duluth,  a  Silsby  steamer  worked  con- 
tinuously for  about  a  day  and  a  half  with  the  ther- 
mometer at  35  degrees  below  zero.  These  are  but  a 
fragment  in  the  mass  of  testimony  to  the  reliability 
and  durability  of  the  Rotary  which  has  forced  a  re- 
luctant approval  from  its  most  sceptical  opponents, 
and  elevated  it  to  the  prominence  it  now  occupies 
among  appliances  for  the  extinguishment  of  fires. 

The  improvements   made  in  the   Rotary  during 
these  twenty-five  years  are  not  alone  in  the  external 
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ap|)earances  of  the  machine,  although  these  are  strik- 
ing. Constant  advance  in  the  capacity  of  the  engine 
and  a  simplifying  of  its  details  are  the  two  ends 
chiefly  sought  in  progressing  the  Rotary.  To  these 
ends  much  study  and  genius  are  applied.  In  a  short 
|>eriod  recently  five  patents  upon  the  Rotary  steam 
fire-engine  have  been  issued  to  the  Silsby  Manufac- 
turing Company.  The  combined  result  of  these  im- 
provements is  distinctly  observable  in  the  tests  re- 
cently made  of  new  machines  from  the  "  Island  Works" 
delivered  at  various  places.  As  an  example  we  note 
a  few  among  recent  tests  recorded : 

A  second  size  Silsby  recently  tested  at  Maiden, 
Mass.,  threw  a  IJ  inch  stream  270  feet,  and  a  IJ 
stream  300  feet,  drafting  the  water  15  feet  peri^en- 
dieularly. 

At  Oswego,  a  second  size  threw  a  IJ  stream 
through  100  feet  of  hose  with  a  smooth  nozzle  291 
feet,  and  a  1 J  stream  through  1,000  feet  of  hose  227 
feet. 

A  second  size,  at  Brockton,  Mass.,  recently  threw 
287  feet,  through  100  feet  of  hose,  with  a  1 J  inch 
nozzle,  as  the  report  says,  "without  any  extra  effort," 
and  on  the  same  day,  with  a  1|  nozzle,  through  1,000 
feet  of  hose,  put  a  stream  228  feet. 

At  Selma,  Ala.,  a  third  size  threw  a  1 J  stream  306 
feet  through  100  feet  of  hose. 

At  Shamokin,  Pa.,  a  fourth  size  with  a  IJ  nozzle 
and  100  feet  of  hose,  threw  307J  feet,  and  on  the 
same  day  threw  perpendicularly  five  feet  above  the 
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Grogs  on  the  Catholic  churchy  212  feet  above  the  side- 
walk. 

More  recently,  a  test  of  the  new  sixth  size  (the 
.smallest  made)  was  had  at  Moravia,  N.  Y.,  where  a 
stream  of  260  feet  was  thrown  through  a  1  inch 
smooth  nozzle,  and  a  stream  was  thrown  perpendicu- 
larly some  thirty  or  forty  feet  over  the  M.  E.  church 
spire  126  feet  high — this  with  a  1  inch  smooth  nozzle 
through  500  feet  of  hose. 

A  first  size  Silsby  recently  tested  at  Buffalo,  threw 
a  1|  inch  stream  325  feet. 

At  Richmond,  Va.,  a  third  size  threw  a  1 J  inch 
stream  300  feet.  At  Troy,  Ala.,  a  fifth  size  threw  a 
1 J  inch  stream  through  1,000  feet  of  hose,  210  feet, 
while  at  Denver,  Col.,  a  fourth  size  threw  a  1 J  stiieam 
31 5  feet. 

These  remarkable  illustrations  of  the  power  and 
progress  of  the  Silsby  Rotary  illustrate  also  the 
growth  of  the  demand  for  them  through  the  country. 

Rules  for  the  Management  of  Steam  Fire- Engines. 

The  Amoskeag  Company  give  the  following  rules 
for  the  management  of  steam  fire-engines: 

1.  In  laying  fuel  in  the  fire-box,  first  lay  plenty 
of  shavings,  then  light,  dry  kindling  wood,  filling 
the  furnace  full,  which  in  most  cases  will  give  steam 
enough  by  the  time  the  engine  arrives  at  a  fire  to 
commence  work,  provided  the  fire  is  lighted  when 
leaving  the  house,  which,  as  a  general  rule,  is  advis- 
able. 
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2.  If  coal  is  used,  be  careful  to  keep  a  thin  fire, 
and  not  clog  it.  Use  the  coal  in  as  large  lumps  as 
possible,  and  do  not  break  it  up  unnecessarily  in  the 
furnace.  The  best  coal  for  this  purpose  is  a  clean 
Cannel,  in  lumps,  free  from  dirt  and  dust. 

3.  Be  careful  not  to  let  so  much  fire  collect  under 
the  engine  as  to  burn  the  wheels.  When  working  for 
a  long  time  at  fires  there  is  some  danger  of  doing  so. 

4.  The  Amoskeag  boiler  is  an  upright,  tubular 
boiler,  with  asuh.nerged  smoke-box  and  fire-box  sur- 
rounded with  water.  When  the  engine  is  running, 
the  water  in  the  boiler  should  be  carried  so  as  to  stand 
At  the  third  gauge-cock,  which  is  placed  near  the  top 
of  the  tubes,  and  it  should  never  be  carried  below  the 
center  of  the  tubes,  at  which  point  the  first  gauge-cock 
is  located. 

5.  Avoid  using  an  unnecessary  amount  of  steam. 
The  tendency  is  to  use  more  than  is  required.  From 
sixty  to  eighty  pounds  is  as  much  as  will  generally 
be  required  to  do  good  fire  duty. 

6.  The  engine  has  two  suitable  feed-pumps  for 
Kupplying  the  boiler  with  water.  One  of  these  pumps 
Rhould  be  worked  nearly  all  the  time,  in  order  to 
keep  the  water  in  the  boiler  at  the  proper  height,  and 
to  preserve  an  even  pressure  of  steam. 

7.  If  brackish  water  is  used  for  supplying  the 
boiler,  or  if  the  boiler  becomes  foul  from  long  use 
without  being  blown  off,  it  is  likely  to  foam  or  prime. 
If  foaming  occurs  while  the  engine  is  working  at  a 
fire,  it  may  be  prevented  or  diminished  by  opening 
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the  surface  blow-off  cock,  wliich  is  located  between 
the  third  and  fourth  gauge-cocks,  and  blowing  off 
from  the  surface  of  the  water  the  scum  and  oily: 
matter  which  usually  causes  foaming.  In  this  way 
the  diflSculty  can  be  generally  prevented  without  any 
serious  interruption  in  the  working  of  the  engine. 
While  doing  this  the  water  in  tlie  boiler  should  be 
carried  as  high  as  the  surface  blow-off  cock.  After 
the  engine  is  returned  to  the  house,  the  water  should 
be  blown  entirely  out  of  the  boiler  through  the  blow- 
off  cock  near  the  bottom  of  the  boiler,  with  a  steam 
pressure  of  about  twenty  pounds,  and  the  boiler  re- 
filled with  fresh  water.  This  process  may  be  repeated 
until  the  boiler  becomes  clean. 

8.  The  pump  upon  the  Amoskeag  engine  is  a  ver- 
tical double-acting  pump,  with  the  cylinder  sur- 
rounded by  a  circular  chamber,  divided  vertically 
outside  the  cylinder,  so  as  to  answer  l)oth  for  the 
suction  and  discharge  chambers  of  the  pump.  It 
has  a  separate  valve-plate  at  the  top  and  bottom  of 
the  pump,  carrying  both  the  suction  and  discharge 
valves,  the  suction-valve  upon  one  side  of  the  plate, 
and  the  discharge- valve  upon  the  other.  Each  of* 
these  valve-plates  can  be  reached  by  taking  off  the 
top  and  bottom  of  the  pump,  which  is  so  constructed 
as  to  be  readily  removed.  The  discharge  and  suction 
parts  of  the  water-t^hamber  surrounding  the  cylinder 
are  connected  by  a  valve  in  the  vertical  partition, 
which  is  called  a  relief-valve. 

9.  With  a  single  long    line  of  hose,  it  may  be 

17 


1 94    .  PRACTICAL  STEAM   ENGINEER'S  GUIDE. 

necessary  to  open  the  relief-valve  a  little,  but  at  all 
other  times  be  particular  to  have  it  closed,  except 
when  desired  to  feed  the  boiler  without  forcing  any 
water  through  the  hose. 

10.  In  the  smoke-pipe,  directly  over  the  upper 
flue-sheet,  a  valve  is  placed,  which  is  called  the  vari- 
able exhaust  valve.  By  operating  this  valve,  the  size 
of  the  aperture  for  the  escape  of  the  steam  from  the 
steam-cylinder  is  increased  or  diminished,  thus  regu- 
lating the  draft  of  the  chimney  and  the  heat  of  the 
fire.  This  valve  should  be  closed  when  the  engine  is 
started,  until  a  fair  working  pressure  of  steam  is  ob- 
tained, after  which  it  may  be  opened. 

11.  Care  should  be  taken  to  have  the  suction-hose 
and  its  connections  air-tight. 

12.  Open  the  discharge-gate  and  cylinder  drain- 
cock  before  starting  the  engine. 

13.  Don't  let  the  flues  of  the  boiler  get  filled  up. 

14.  Be  particular  to  take  the  engine  off  the  springs 
before  you  work  it,  and  to  place  it  on  the  springs 
again  when  done  working. 

15.  With  a  long  line  of  hose  on,  be  particular  to 
open  the  throttle  gradually.  If  it  is  opened  too  sud- 
denly, it  is  liable  to  burst  the  liose. 

16.  The  pumps  of  the  engine  should  be  examined 
at  least  once  in  six  months,  to  see  that  the  valves  and 
all  the  parts  are  in  good  condition.  The  pump- 
valves  should  have  a  lift  of  about  three-eighths  of  an 
inch,  and  the  suction-valves  the  same  lift. 

17.  The   inside   of   the   steam -cylinders   and    the 
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steam-valves  should  be  oiled  or  talloweil  always  after 
the  engine  has  worked  at  a  fire,  and  as  often  as  may 
be  necessary  to  keep  them  well  lubricated;  and  all 
the  parts  of  the  engine,  where  liable  to  friction, 
should  be  kept  well  oiled.  Be  particular  to  use  an 
abundance  of  oil  on  the  "link-block,"  where  there  is 
more  friction  than  in  any  other  part. 

18.  The  running-gear,  and  every  part  of  the  en- 
gine liable  to  disarrangement  or  accident,  should  be 
thoroughly  examined  every  time  after  the  engine  has 
been  out  of  the  house,  whether  it  has  been  worked  at 
a  fire  or  not. 

19.  Whenever  the  engine  is  repaired  the  engineer 
should  try  to  help  do  it  himself,  as,  by  so  doing,  he 
gets  a  familiarity  with  it  that  he  can  in  no  other  way 
obtain. 


^' 


CHAPTER  VI. 

STANDARD  AMERICAN   STEAM  PUMPS. 

DiRECT-ACJTiNG  steam  pumps  are  so  generally  usei\ 
now,  that  we  are  frequently  called  on  to  answer 
many  questions  relating  to  their  methods  of  working, 
and  especially  as  to  the  manner  in  which  the  steam 
valve  or  valves  are  moved  and  operated,  in  order  to 
change  direction  at  each  end  of  the  stroke.  We 
therefore  intend  in  this  chapter  to  describe  the 
various  valve  motions  for  direct-acting  pumps  now 
commonly  used,  so  that  engineers  can  familiarize 
themselves  with  the  action  without  taking  them 
apart. 

The   Davidson   Steam   Pump. 

Among  the  leading  standard  builders  are  the 
Davidson  Steam  Pump  Co.  Their  ingenious  valve- 
gear  we  illustrate  herewith  (Fig.  50J),  showing  all 
the  parts  and  passages  in  connection  therewith. 

The  peculiarity  of  the  steam  end  of  this  pump  is, 
that  unlike  other  direct-acting  steam  pumps,  it  has 
only  one  valve  in  the  steam  chest.  This  may  be 
properly  called  a  compound  slide  valve  with  cylin- 
drical face.     (See  Figs.  51,  52,  53.)     It  performs  two 
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duties,  that  of  the  ordinary  slide  valve  and  of  the 
auxiliary  valve  combined.  Its  duty  as  a  slide  valve 
is,  of  course,  to  reciprocate  across  the  steam  ports  c  <5, 
to  admit  steam  alternately  to  the  two  ends  of  the  steam 
cylinder,  and  as  an  auxiliary  valve  it  is  oscillated  so 
as  to  open  and  close  the  steam  ports  a  a.  that  lead  to 
the  ends  of  the  steam  chest. 

The  steam  chest  is  cylindrical  and  bored  oat  to 
make  a  face  for  the  slide  valve  By  and  to  receive  the 
pistons  that  assist  in  operating  the  valve.     The  pis- 


Fig.  51. 

tons  are  connected  together,  sufficient  space  being 
allowed  between  them  for  the  valve  and  steam  ports, 
and  they  are  also  connected  to  .the  slide  valve,  all 
working  in  the  same  plane  and  being  of  the  same  diam* 
eter,  thus  insuring  evenness  of  wear  and  readiness  of 
access  for  adjustment,  repairs,  etc.  An  examination 
of  the  valve  will  at  once  suggest  the  impossibility  of 
its  getting  out  of  order,  becoming  deranged  or  wearing 
out  within  the  life  of  any  other  portion  of  the  pump. 
The  valve  is  oscillated  by  an  oblique  cam.  A,  connected 
with  the  valve  by  a  steel  pin  passing  through  the 
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valve  into  the  eirhaast  port,  in  which  the  cam   is 


placed.     The  moving  of  the  valve  does  not  depend 
entirely  upon  the  steam  admitted  to  the  end  of  the 
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valve  piston,  for  should  Unit  ii<it  be  quick  enouf-h  to 
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,    operate  on  tlie  valve,  with  the  pump  under  a  high 
rate  of  speed,  the  cam  is  so  constructed  that  it  will 
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carry  the  valve  mechanically,  and  thus  prevent  the 
piston  from  striking  the  cylinder  heads  in  any  case. 

The  valve  ports  are  so  constructed  that  the  water 
from  condensation  in  steam  pipes,  etc.,  is  carried  off 
at  each  stroke  through  the  main  exhaust-port,  and 
thus  it  will  be  seen  that  the  valve  is  always  free  to 
move  as  soon  as  the  steam  is  admitted.  This  valve 
motion  and  its  adjustment  enables  these  pumps  to  run 
with  the  same  if  not  even  less  piston  clearance  than 
the  ordinary  steam  engine.  For  instance,  a  No.  8 
pump  is  set  to  run  with  j\'^  piston  clearance,  thus 
saving  a  vast  amount  of  steam.  The  steamports  are, 
it  is  said,  fifty  per  cent,  larger  than  any  other  pump 
made,  insuring  a  high  initial  steam  pressure. 

The  motion  of  the  valve,  as  it  anticipates  the 
return  stroke,  is  slow,  owing  to  the  form  of  the  cam, 
so  that  the  load  may  be  moved  from  a  point  of  rest 
without  shock.  This  allows  the  pump  to  be  run  at 
a  high  piston  speed  without  disturbance  to  the  ma- 
chine or  its  pipe  attachments.  The  oblique  cam  is  a 
steel  forging,  hardened  on  its  working-face,  while 
the  pin  entering  the  groove  is  also  of  steel  hardened. 

The  cam  first  gives  oscillating  motion,  opening  the 
auxiliary  ports  for  throwing  the  valve  in  a  longi- 
tudinal direction ;  the  first  motion  is  about  f  of  an 
inch,  while  the  valve  moves  in  a  straight  plane,  just 
one-eighth  the  whole  movement  of  the  pump-piston. 
The  pump  will  always  start  from  any  point. 

It  can  also  be  run  as  slow  as  any  of  the  other 
pumps,  and  as  the  time  required  to  overcome  the 
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inertia  of  the  valve  and  plunger  remains  constant, 
while  the  distance  moved  by  the  pump  piston  varies 
with  the  velocity,  it  follows  that  the  length  of  the 
stroke  remains  constant  in  this  pump.  It  is  perfectly 
noiseless. 

The   Isochronal   Pumping  Engine. 

The  principle  of  operation  of  the  ordinary  governor 
is  well  understood  in  connection  with  ordinary  steam 
engines,  and  those  informed  upon  the  subject  will 
readily  appreciate  the  diiBculty,  if  not  impossibilities, 
of  applying  such  governors  to  steam-pumping  engines 
which  have  no  revolving  parts. 

In  pumping  engines,  nice  regulation  is  of  the 
utmost  importance  on  account  of  the  damage  which 
may  result  from  irregular  action.  "  Isochronal " 
means  "  equal  spaces  in  equal  times,"  and  the  iso- 
chronal pumping  engine  herewith  ilhistra ted  possesses 
the  peculiar  property  of  maintaining  a  uniform  rate 
of  piston  travel  under  varying  conditions  of  power 
and  resistance  ;  in  short,  it  is  perfectly  self-governing. 
Fig.  54  is  from  an  engine  having  a  steam  cylinder 
two  feet  in  diameter  and  a  pump  one  foot  in  diameter. 
The  stroke  is  two  feet.  The  machine  is  adapted  to 
water  work  purposes,  and  any  similar  work  where 
a  uniform  motion  is  desired  under  all  variations  of 
conditions.  The  isochronal  pumping  engine  is  its 
own  engineer  in  this  respect. 

The  means  employed  for  rendering  this  pumping 
engine  isochronal  are  so  simple,  so  perfect,  and  sg 
interesting  in  principle,  that  we  have  thought  the 
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matter  deserving  such  a  description  as  will  render  it 
better  understood  among  those-  interested. 

In  general  arrangement  (see  Fig.  55)  this  pumping 
engine  does  not  materially  differ  from  the  ordinary 
steam  pumping  engine  of  similar  type  ;  that  is  to  say, 
the  main  valve  is  moved  by  a  small  auxiliary  engine 
whose  valve  is  moved  by  a  lever  actuated  by  the 
main  piston  rod.  In  the  illustration,  the  small  upper 
rod  is  the  stem  of  the  valve  of  the.  auxiliary  engine, 
and  the  lever  upon  the  main  piston  rod  actuates  this 
Rtem  through  the  tappet  collars  «,  the  intervening 
devices  in  the  neighborhood  having  no  effect  upon 
this  function  of  the  lever. 

In  addition  to  moving  the  small  valve,  the  lever 
reciprocates  a  short  cylinder  H,  having  a  piston,  a 
channel  from  end  to  end,  and  a  regulating  cock  L, 
for  altering  the  capacity  of  the  channel.  This  cyl- 
inder is  filled  with  oil,  and  it  will  be  readily  under- 
stood that  if  the  piston  within  it  be  stationary, 
the  oil  will  be  transferred  from  end  to  end  of  the 
cylinder,  as  the  cylinder  reciprocates.  The  oil  in 
being  transferred  passes  through  the  channel  referred 
to.  It  should  now  be  understood  that  liquid  wnll 
pass  through  any  sized  opening,  if  it  is  allowed  time 
enough,  but  if  an  attempt  be  made  to  force  it  through 
faster,  it  will  offer  great  resistance,  and  will  react  on 
the  urging  medium.  This  principle  is  involved  in 
the  regulating  of  the  motion  of  this  engine,  and  is 
utilized  by  causing  any  unusual  reaction  in  the  oil 
cylinder  to  effect  a  change  in  position  of  the  main 
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valve  of  the  engine.  Let  us  suppose  that  the  main 
has  opened  one  port;  that  the  valve  is  held  in  that 
open  position  by  the  pressure  of  steam  upon  the  aux- 
iliary piston ;  that  the  auxiliary  piston  and  the  oil 
piston  are,  as  is  the  case,  united  by  a  rod  ;  and  that 
the  channel  cock  is  so  set  that  the  oil  may  shift  every 
ten  seconds,  and  produce  just  reaction  enough  to  bal- 
ance the  pressure  of  steam  upon  the  auxiliary  piston. 
The  auxiliary  piston  tends  to  keep  the  main  valve 
open,  and  the  reaction  of  the  oil  tends  to  shut  the 
main  valve.  The  forces  balance  and,  of  course,  the 
main  valve  remains  open.  But  suppose  the  resist- 
ance of  the  pump  to  be  suddenly  decreased,  by  the 
bursting  of  a  main,  for  instance,  then  the  main  piston 
would  be  disposed  to  suddenly  increase  in  velocity 
and,  if  uncontrolled,  to  "  race.'* 

In  this  case  it  will  be  seen  that  the  oil  would  be 
asked  to  pass  through  its  channel  at  a  quickened 
rate,  a  proceeding  which,  by  law,  it  objects  to,  and  it 
indicates  that  objection  by  an  increased  reaction  on 
the  oil  piston,  which  is  thus  caused  to  preponderate 
in  power  over  the  steam  pressure  on  the  auxiliary 
piston  and  to  effect  a  proper  closure  of  the  main 
valve.  An  increase  in  pump-resistance  tends  to  slow 
the  motion  of  the  main  piston  and  of  the  oil  cylinder, 
to  reduce  the  reaction  and  thus  allow  the  auxiliary 
piston  to  effect  a  proper  opening  of  the  main  valve. 
In  short,  if  the  main  piston  by  increased  motion 
tends  to  force  the  oil  through  the  channel  in  less  than 
ten   seconds'  time,  the  oil  piston  pushes  the   main 
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valve  into  a  more  closed  position,  and  checks  the 
tendency ;  and  if  the  main  piston  by  lagging  tends 
to  give  the  oil  more  than  ten  seconds'  time  to  shift, 
then  the  oil  reduces  its  reactive  force,  and  allows  the 
auxiliary  piston  to  open  the  main  valve  wider  and 
check  the  lagging  tendencies.     This  rigid  exactitude 
goes  on  through  each  stroke,  and  through  every  inch 
of  every  stroke,  and  maintains  that  proper  amount 
of  valve-opening  which  is  required  for  a  stroke  in 
ten  seconds,  or  six  strokes  per  minute.     The  channel- 
cock  being  once  set  for  any  desired  rate  of  motion, 
that  motion  will  be  constantly  maintained  spite  of 
any  or  all  changes  in  power  or  load.     So  delicate  is 
the  action  of  the  oil-cylinder,  that  if  the  discharge- 
pipe  be  opened  wide  to  the  air,  and  thus  present  no 
resistaace,  the  nmin  valve  will  barely  open  and  the 
motion  will  be  at  the  rate  for  which  the  channel-cock 
was  set;  and  if  the  discharge  be  suddenly,  almost 
totally  closed — thus  applying  the  maximum  resist- 
ance  to   the  pump — the  main  valve  will   instantly 
give  more  port,  and  suiting  itself  to  its  new  duty 
maintain  the  same  piston  motion  as  before. 

The  oil-cylinder  is  shorter  than  its  stroke,  and  just 
before  the  end  of  the  stroke  it  moves  the  main  valve 
in  a  positive  manner,  and  closes  the  main  exhaust, 
thus  forming  an  absolute  cushion  for  the  main  piston. 
When  a  stroke  is  complete  the  tappets  open  the  small 
valve,  and  allow  steam  to  act  on  the  other  end  of 
auxiliary  piston,  and  move  the  main  valve  for  a  new 
stroke,  but  in  doing  this  the  auxiliary  piston  is  re- 


I 


Fig.  56.— Tbb  Cameron  Btkam  1 


nr  iiaeiisKUKisi  m  a  l 


ibiMPi'MP  (Sedvmat   Viae).     Page  205. 


Pift.  55,— The  iBOCHiirtNAi,  PuMPiNo  ENnni: 


fB  (Longiludimil  VrrHait  SnUon).    Vtige  302, 


206       PBACTICAL  STEAM   ENGINEEK's   GUIDE. 

and  slide  valve,  G,  and  the  motion  of  the  piston,  C, 
is  instantly  reversed.  The  same  operation  repeated 
at  each  stroke  makes  the  motion  continuous.  The 
reversing  valves,  I,  I,  are  closed  by  a  pressure  of 
steam  on  their  larger  ends,  conveyed  by  an  unseen 
passage  direct  from  the  steam  chest. 

» 

Directions. 

When  a  pump  is  first  connected,  remove  the  bon- 
nets, K,  K,  and  valves,  I,  I,  and  blow  steam  through 
to  remove  any  dirt  or  chips  that  may  have  lodged  in 
the  pipes ;  then  clean  and  replace  them. 

The  London  *^  Engineering  "  says : — This  is  the 
simplest  of  the  class  of  steam  pumps  with  steam 
moved  valves  which  has  come  under  our  notice. 
The  action  is  certain  at  all  speeds,  and  when  working 
at  full  speed,  and  with  100  pounds  pressure  in  the 
air  vessel,  the  suction  hose  may  be  suddenly  lifted 
out  of  the  water  without  the  pistons  striking  the 
cylinder  covers  (a  severe  test).  The  parts  are  so 
accessible  that,  although  still  hot  with  steam,  and  just 
after  it  had  been  working,  we  had  it  to  pieces  in 
hardly  more  than  a  minute. 

Useful   Information  for  Engineers  and  Steam   User 
in  Regard  to  Steam  Pumps. 

In  ordering  a  pump  it  is  for  the  interest  of  the 
purchaser  to  fully  inform  the  builder  on  the  following 
questions : 


STANDARD   AMERICAN   STEAM   PUMPS.         207 

1st.  For  what  purpose  is  the  pump  to  be  used  ? 
What  is  the  average  pressure  of  steam  ? 

2d.  What  is  the  liquid  to  be  pumped  ?  and.  is  it 
hot  or  cold,  clear  or  gritty,  fresh,  salt  or  acidulous? 

3d.  What  is  the  maximum  quantity  to  be  pumped 
per  hour? 

4th.  To  what  height  is  the  liquid  to  be  lifted  by 
suction,  also  the  height  of  discharge?  What  are  the 
length  and  diameter  of  the  suction  and  discharge 
pipes,  and  the  number  of  elbows  or  turns? 

Directions  for  Setting  and  Connecting  Pumps. 

Never  use  pipes  too  small  in  diameter.  In  long 
pipes  this  should  be  increased  to  allow  for  increased 
friction,  especially  in  suction  pipes. 

Use  as  few  bends  and  valves  as  possible,  and  run 
every  pipe  in  as  direct  a  line  as  practicable,  and  where 
convenient  use  full  round  bends  rather  than  elbows. 
Valves,  returns  and  elbows  increase  friction  more 
rapidly  than  length  of  pipe,  and  no  pump  can  work 
satisfactorily  that  does  not  have  a  full  supply  of 
water. 

Pumps  should  always  be  drained  in  cold  weather, 
as  freezing  of  water  in  pipes  or  cylinders  is  sure  to 
burst  them.  Engineers  should  therefore  be  careful 
and  open  the  drip  plugs  and  cocks — which  are  pro- 
vided on  all  pumps  for  draining  them. 

Water  at  high  temperature  caenot  be  raised  any 
considerable  distance  by  suction,  as  the  vapor  dis- 
charged from  the  water  so  heated  follows  the  receding 
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pistons  of  the  pump  and  resists  the  entrance  of  the 
water ;  consequently  to  pump  hot  water  always  place 
the  supply  above  the  pump  so  that  it  will  be  supplied 
from  a  head. 

A  vacuum  chamber  upon  the  suction  pipe,  close  to 
the  pun)p,  is  always  an  advantage,  and  on  long  lines 
of  pipe  or  on  pumps  running  at  a  high  rate  of  speed, 
is  absolutely  necessary.  Their  utility  consists  in 
causing  a  steady  and  uniform  flow  of  the  fluid 
through  the  suction  pipe,  and  thus  preventing 
"pounding"  or  water  hammering,  which  (without 
onb)  is  always  incident  to  long  suctions. 

Useful  Information. 

A  gallon  of  fresh  water  contains  231  cubic  inches, 
and  weighs  8J  pounds  (U.  S.  Standard). 

A  cubic  foot  of  water  contains  7J  gallons,  or 
1,728  inches,  and  weighs  62J  pounds. 

The  friction  of  water  in  pipes  is  as  the  square  of 
the  velocity.  Doubling  the  diameter  of  a  pipe 
incre&ses  its  capacity  four  times. 

To  find  the  pressure  in  pounds  per  square  inch  of 
a  column  of  water,  multiply  the  height  of  the  column 
in  feet  by  0.434.  Approximately  we  generally  call 
every  foot  elevation  equal  to  J  pound  pressure  per 
inch  ;  this  allows  for  ordinary  friction. 

In  calculating  horse-power  of  steam  boilers,  con- 
sider for 

Tubular  boilers,  15  square  feet  of  heating  sur&ce 
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equivalent  ta  one  horse-power;  flue  boilers,  12  square 
feet  of  heating  surface  equivalent  to  one  horse-power; 
cylinder  boilers,  10  square  feet  of  heating  surface 
equivalent  to  one  horse-power. 

Each  nominal  horse-power  of  boilers  requires  1 
cubic  foot  of  feed  water  per  hour. 

One  square  foot  of  grate  will  consume,  on  an  av^- 
age,  12  pounds  of  coal  per  hour. 

Consumption  of  fuel  averages  7J  pounds  of  coal^ 
or  16  pounds  of  dry  pine  wood,  for  every  cubic  foot 
of  water  evaporated. 

Ordinary  speed  to  run  steam  pumps — when  the 
duty  is  not  heavy — is  .100  feet  of  piston  travel  per 
minute. 

To  find  the  quantity  of  water  elevated  in  one  min- 
ute, running  at  100  feet  of  piston  travel  per  minute. 
Square  the  diameter  of  water  cylinders  in  inches  and 
multiply  by  4.  Example:  Capacity  of  a  5-inch 
pump  is  desired.  The  square  of  the  diameter 
(5  inches)  is  25,  which  multiplied  by  4  gives  100, 
which  is  gallons  per  minute  (approximately). 

To  find  the  diameter  of  a  pump  cylinder  to  move 
a  given  quantity  of  water  per  minute  (100  feet  of 
piston  travel  being  the  speed),  divide  the  number  of 
gallons  by  4,  then  extract  the  square  root,  and  the 
product  will  be  the  diameter  in  inches. 

To  find  the  capacity  of  a  cylinder  in  gallons. 
Multiplying  the  area  in  inches  by  the  lengtl^i  of  stroke 
in  inches  will  give  the  total  number  of  cubic  inches ; 
divide  this  amount  by  231  (which  is  the  cubical  con- 
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tents  of  a  gallon  in  inches),  and  product  is  the  capacity 
in  gallons. 

The  area  of  the  steam  piston,  multiplied  by  the 
steam  pressure,  gives  the  total  amount  of  ])rcssure 
that  can  be  exerted.  The  area  of  the  water  piston, 
multiplied  by  the  pressure  of  water  per  .square  inch, 
gives  the  resistance.  A  margin  must  be  made  be- 
tween the  power  and  the  resistance  to  move  the  pis- 
tons at  the  required  speed — say  50  per  cent. 

Wright's   Patent  Double-Acting   Bucket    Plunger   Steam 

Pump, 

As  improved  by  the  Valley  Machine  Co.,  East^ 
hampton,  Mass.  We  give  herewith  a  sectional  view 
(Fig.  57)  of  the  pump,  from  which  the  operation  will 
be  readily  understood.  (A)  is  the  steam  valve,  and 
(B)  the  steam  cylinder ;  (C)  is  the  upper  and  small 
porton,  and  (D)  the  lower  and  large  portion  of  the 
plunger  connected  thereto.  (E)  is  the  water*cylindcrj 
(F)  the  suction  valve,  and  (G)  the  discharge  valve, 
(I)  is  a  passage  in  the  upper  end  of  the  water  cylin- 
der, through  which  water  is  taken  in  on  the  down 
and  discharged  on  the  up  stroke.  (J)  is  the  vacuum, 
and  (K)  the  air  chamber. 

The  water  valves  are  simply  circular  pieces  of 
metal  or  rubber,  rising  on  a  stem  which  is  fastened 
to  the  valve  seats.  Thus,  should  a  valve  fail,  a 
circular  piece  of  leather  or  rubber  packing  would 
answer  temporarily  until  something  better  could  be 
obtained. 
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The  packing  rings  in  tlie  water  plunger  are  nia<le 
of  gun  metal,  tlie  inside  ring  being  made  tliinnest  at 
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the  cut,  thus  giving  more  elasticity  with  less  fric- 
tion. 

Fibrous  packing  can  be  used  instead  of  the  rings, 
if  preferred,  or*a  solid  bronze  metal  end  can  be  used 
instead  of  either. 

The  water  valves  can  be  removed  by  simply  un- 
screwing two  nuts,  and  withdrawing  the  wedge  that 
rests  on  the  discharge  valve  stem,  the  suction  valves 
being  directly  under  the  discharge  valves  in  the  base 
of  the  pump.  Rubber  valves  can  be  substituted  for 
metal,  or  moe  versa,  without  a  change  of  valve  seats. 
The  steam  valve  is  properly  "  set,"  and  the  eccentric 
keyed  on  to  the  shaft.  Best  quality  steel  is  used  for 
valve  stems  and  piston  rods.  Genuine  Babbitt  mix- 
ture in  the  shaft  bearings. 

The  Dean  Steam  Pump. 

Fig.  58  represents  a  new  pump,  with  steam  cylin- 
der 18  inches  in  diameter;  water  cylinder,  12  inches 
in  diameter ;  stroke,  24  inches ;  suction  pipe,  10 
inches,  and  discharge  pipe,  8  inches.  The  pipe  con- 
nections can  be  made  from  either  side  of  the  pump,  as 
the  openings  on  both  sides  are  the  same.  The  water 
passages  are  equal  to  the  area  of  the  suction  pipe. 
There  are  eight  rubber  valves,  each  eight  inches  in 
diameter,  which  can  be  examined  or  taken  out  by  re- 
moving the  hand  hold  plates. 

The  steam  valve  arrangement  is  a  new  and  simple 
feature.  The  piston  rod  carries  a  projecting  roller 
which  moves  between  the  flanges  of  the  rocking  cam. 
When  the  main  piston  approaches  the  limit  of  its 
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stroke,  the  roller  passes  between  the  curved  flanges 
near  the  end  of  the  rocking  cam,  causing  it  to  swing 
and  move  the  auxiliary  steam  valve,  reversing  the 
motion  of  the  main  piston.  As  the  roller  starts  on 
the  return  stroke,  it  rocks  the  cam  back  to  its  first 
position,  and  brings  the  auxiliary  valve  on  its  center 
or  to  mid-stroke.  The  object  of  giving  this  motion 
to  the  auxiliary  valve  is  to  keep  its  steam  ports 
closed,  except  during  the  instant  the  motion  of  the 
main  piston  is  being  reversed,  and  thus  prevent  loss 
of  steam  in  the  steam  chest  in  case  the  chest  piston 
becomes  worn  and  leaky.  Nearly  all  direct  acting 
steam  pumps,  in  time,  will  leak  steam  into  the  ex- 
haust pipe,  in  consequence  of  the  wearing  of  the  chest 
piston.  The  cutting  action  of  the  steam  "  blowing 
through  "  greatly  increases  the  leak. 

In  this  pump  the  chest  piston  is  plain,  without 
steam  ports  of  any  kind.  It  is  of  little  consequence 
whether  the  chest  piston  is  leaky  or  not,  there  being 
no  place  for  the  steam  to  waste  by  "  blowing  through," 
as  the  cam  motion  brings  the  auxiliary  valve  to  its 
mid  stroke,  keeping  the  passages  leading  to  the  chest 
closed,  except  during  the  instant  the  main  piston  is 
being  reversed. 

These  pumps  are  made  in  twelve  sizes,  from  3-inch 
to  20-inch  steam  cylinders,  and  from  If  inch  to  14- 
inch  water  cylinders. 

In  action  this  pump  is  smooth  and  virtually  noise- 
less. It  is  capable  of  being  worked  at  a  high  speed 
without  increasing  danger  of  injury.     It  is  manufac- 
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tiired  by  Di'un  Brothers'  Steam  Pump  Works,  Indian^ 
apoUs,  Iixl. 

The  Dayton  Cam  Pump. 
Fig,  69  represeuts  an  improved  direct  and  douhlo 
acting  st^'am  piston  pump,  whioti,  it  is  claimed,  is  ab- 
solutely positive  in  its  action,  simple  in  construction, 
and  economical  in  the  use  of  steam.  The  principal 
feature  is  the  mode  of  working  the  steam  valve  by 


k 


Fig.  59.— The  DsTton  Cam  Pump, 
moans  of  a  cam  bolted  on  the  piston  rod  and  moving 
with  it.  By  the  shape  of  this  cam  the  stroke  is  ren- 
dered slower  at  each  end,  thereby  giving  time  for  the 
water  cylinder  to  fill.  A  full  stream  is  thiis  insured, 
and  the  pump  is  prevented  from  cushioning  against 
the*  water  when  the  cylinder  is  hut  half  filled.  The 
arrangement  is  such  that  the  valve  cannot  be  thrown 
into  such  a  prsition  a.'^  to  shut  ofT  stKtm  and  stop 
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the  pump.  The  operation  of  the  mechanism  needs 
no  further  description,  as  the  reader  will  readily  un- 
derstand the  adaptation  of  the  various  parts  to  each 
other  from  an  inspection  of  the  annexed  illustration. 
It  will  be  seen  that  there  are  no  dead  centers,  and 
that  the  action  is  absolutely  positive.  The  arrange- 
ment of  the  cam  movement,  in  connection  with  the 
piston,  causes  the  water  valves  to  lift  and  to  set 
easily  and  without  jar,  thereby  saving  the  wear  and 
tear  of  valves  and  seats.  The  maximum  of  speed  is 
attained  when  the  valves  are  lifted  and  the  water  is 
flowing. 

The  manufacturers,  in  enumerating  the  various  ad- 
vantages of  the  apparatus,  point  out  especially  the  sim- 
plicity of  its  construction,  strong  and  durable  material 
being  used,  and  the  variqus  parts  so  constructed  as  to 
be  readily  accessible.  There  are  no-  small,  intricate 
steam  passages  to  fill  up  witb  dirt  and  grease,  and  the 
water  valve  chambers  may  be  easily  opened  to  reach 
the  yalves.  The  steam  valve,  being  of -the  plain 
slide  description,  is  also  not  liable  to  become  out  of 
order. 

By  the  greatly  increased  use  of  steam  power  within 
the  last  few  years,  it  has  become  indispensable  that 
some  way  be  found  for  keeping  the  water  in  boil-. 
ers  at  a  constant  and  uniform  height,  and  without 
variation.  For  this  purpose  hundreds  of  inventions 
of  steam  pumps,  injectors  and  devices  of  different 
kinds,  have  come  before  the  public,  many  of  them  of 
value,  but  still  having  defectfi  that  ought  to  be  over- 
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come  to  give  assurance  of  perfect  safety  from  explo- 
sions, arising  from  low  water  and  the  sudden  injection 
of  water  at  such  times.  Economy  of  fuel  has  also 
become  a  most  important  consideration  in  the  use  of 
steam  power,  but  has,  up  to  a  certain  point,  been  un~ 
attainable  from  the  impossibility  of  pumping  hot 
water.  It  is  claimed  that  all  of  these  defects  of 
feeding  boilers,  and  also  the  requirements  of  a 
good  boiler  feeder,  have  been  carefully  studied 
and  experimented  upon,  and  the  result  is  the 
presentation  to  the  manufacturing  public,  and  to 
all  parties  using  steam,  the  Dayton  cam  pump  as 
one  of  the  most  economical,  durable  and  effective 
boiler  feeders  in  the  market.  Especially  so  is  this 
in  regard  to  economy  and  positiveness  of  motion, 
which  is  absolutely  necessary  to  pumping  hot  water 
successfully.  The  cam  pumps  are  said  to  feed  water 
into  boilers  at  a  temperature  of  250°  F.,  and  in  some 
instances  to  feed  water  at  a  temperature  of  from  212° 
to  226°  F.  The  reason  of  the  ability  of  the  Dayton 
cam  pump  to  perform  this  diflBcult  work  is  its  pecu- 
liar movement  attained  by  the  cam  motion,  causing 
the  water  valves  to  commence  closing  before  the 
stroke  is  completed,  and  being  absolutely  closed  at 
the  commencement  of  the  return  stroke. 

These  pumps,  which  have  been  in  use  for  some 
years,  have,  it  is  said,  proved  to  be  thoroughly  relia- 
ble, and,  owing  to  simplicity  of  construction  and  dura- 
bility, have  given  general  satisfaction.  They  are 
made  for  and  adapted  to  all  the  various  duties  of  a 
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firstrclass  steam  pump ;  are  manufactured  especially 
with  a  view  to  economy  in  use  of  steam — do  not  re- 
quire skillful  attendance,  nor  is  there  anything  about 
them  that  an  ordinary  mechanic  cannot  keep  in  order 
and  repair.  The  designs  of  these  pumps  are  to  have 
them,  equal,  if  not  superior,  to  all  others;  also  to 
combine  strength,  simplicity  and  durability.  Messrs. 
Smith,  Vaile  &  Co.,  Dayton,  Oliio,  are  the  manu- 
fecturers. 

A  simple  glance  at  Figs.  60  and  61  will  show  that 
the  pump  is  built  in  a  strong  and  symmetrical  man^ 
ner.  In  practice  we  have  never  been  able  to  detect 
the  slightest  vibration  in  the  parts  of  the  machine  as 
related  to  each  other.  And  as  for  material,  it  is 
strictly  first-class.  The  motion  is  positive,  because 
it  is  controlled  by  a  continuous  cam,  and  there  is  no 
sticking  point  or  dead  center  for  the  same  reason. 

There. id  no  steam-valve  simpler  than  the  old  and 
well-known  plain  slide,  or  D-valve,  covering  two 
steam  ports  and  one  exhaust  port.  This  simple  con- 
struction must  impress  every  one  with  favor  who  has 
bad  occasion  to  use  a  pump.  As  for  the  valve  con- 
nections, they  consist  of  n  si m. pie  bell  crank  lever. 

The  engineer  will  readily  see  from  the  engravings 
or  from  the  pump  itself  the  free  and  Hberal  ports  and 
passages  in  both  water  and  steam  ends.  The  feature 
is  of  so  much  practical  value  that  it  will  be  appreci- 
ated by  all  engineers. 

The  water  valve-box,  in  two  distinct  compart- 
ments, is  as  plain  and  simple  as  it  is  possible  to 
19 
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construct  it,  and  access  is  had  with  the  most  perfect 
freedom ;  besides,  it  has  the  additional  valuable 
feature  that  by  simply  removing  the  two  retaining 
pins  (which  maybe  seen  in  the  sectional  ele\'atiou 
passing  thrpugh  the  valves  and  the  top  of  the  water- 
box),  all  the!  valves  and  seats.can.be  readily  with- 
drawn. 

The  pupip  is  capable  of  pumping  not  only  hot 
fluids  that  have  attained  the  boiling  point,,  but  will 
also  pump  boiling  water  under  presaure,  and,  since 
the  temperature  of  water  increases  with  the  pressure, 
it  is  evident  that  it  pumps  water  above  the  boiling 
point  of  21 2  degrees.  The  reason  foe  this  is  that  the 
piston  stops  at  each  end  of  the  stroke  a  sufficient 
length  of  time  to  allow  the  valves  to  seat. quietly; 
and,  after  having  become  seated,  there  is  no  chance  to 
wedge  them  up.  So  perfectly  is  this  motion  per- 
formed by  'the  cam  pump,  that  it  is  enabled  io  pump 
water  under  pressure  indicating  upon  the  thermom- 
eter 260  to  273  degrees,  which  equals  20  and  30 
pounds  pressure  per  square  inch.  This  invaluable 
feature  in  the  cam  pump  fits  it  eminently  for  pump- 
ing the  \vater  of  condensation  from  all  manner  of 
heating  apparatus,  not  only  increasing  the  rapidity  of 
circulation  and  the  effective  heating  capacity,  but  also 
greatly  economizing  in  fuel. 

.  The  following  extract  from  that  excellent  work  on 
steam  boilers,  by  W.  M.  Barr,  M.  E.,  will  make 
clear  the  construction  of  the  pumps,  as  shown  in  Figs. 
ISO  and  61 : 
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"B;  reference  to  the  liorizonial  view,  it  will  be 
seen  timt  it  is  a  direct  and  double  acting  istcain  piston 
ptmtp,  liaving  a  plain  slide-valve,  similar  to  the  ordi- 
aary.  D-vatve  of  an  engiae.     This  valve  is  moved 


by  two  levers  ^  a,  on  a  ahaft,  B,  being  placed  at 
right  angles,  forming  a  M\  Itver.  Motion  is  im- 
parted to  tliese  levers  by  a  cam,  C,  bolted  to  the  pis- 
ton rod  and  working  with  it,  a  pin  on  the  lever,  A, 
working  in  a  groove  of  the  cam,  C;  also  a  fixed  sup- 
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port  or  pocket,  /S,- which  liolds  a  sliding  V-shaped 
plunger,  P,  and  spiral  steel  spring.  The  operation 
of  the  valve  movement  is  as  follows:  "The  cam,  C 
near  the  termination  of  the  stroke  of  the  pump  pis- 
ton, brings  the  V-shaped,  or  pointed  lever,  A,  in 
contact  with  the  V-shaped  plunger,  P,  forcing  it 
back  in  the  pocket,  S,  and  compressing  the  spiral 
ppring  contained  in  the  pocket.  The  movement  of 
the  piston  continues  until  the  ]x>ints  have  passed, 
when  the  forcible  reaction  of  the  spiral  spring  and 
the  pressure  of  the  incline  faces  of  the  V-shaped 
points  serve  to  move  the  lever.  A,  and  through  the 
fimall  lever,  a,  to  throw  the  steam  valve  sufficiently 
to  partially  open  the  steam  port  for  the  return  stroke. 
The  same  operation  is  performed  on  the  return  stroke. 
At  its  termination,  only  the  lever,  Ay  is  thrown  in 
the  opposite  direction.  The  arrangement  of  the 
Mater  valves  is  extremely  simple;  the  pump  being 
double  acting,  there  are  two  suctions  and  two  dis- 
charge valves,  all  contained  in  one  water  box  on  the 
side  of  the  water  cylinder.  By  reference  to  the  sec- 
tional view  of  the  water  box,  a  clear  idea  is  obtained 
of  the  arrangement  of  the  valves,  valve  seats,  stems, 
springs  and  plugs,  and  the  manner  of  putting  them 
in.  This  pump  possesses  what  all  pumps  should, 
and  that  is,  large  steam  and  water  passages.  By  an 
inspection  of  the  details  of  its  moving  mechanism,  it 
will  be  seen  that  it  can  never  make  a  short  stroke. 
Each  stroke  must  be  complete  before  the  steam  valves 
will  open  to  cause  it  to  make  a  stroke  in  the  opposite 
direction." 
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National   Steam   Pump.     (Fig.  62.) 

Made  by  Wm.  E.  Kelly  &  Bro.,  New  Brunswick, 

N.  J, 

Simplicity. 

The  steam  valve  of  this  pump  is  very  simple  in 
construction,  and  can  be  easily  understood  by  any 
ordinary  mechanic,  and  therefore  posseases  the  great 
advantage  that  it  can  be  renewe^l  and  properly 
adjusted  by  the  engineer  in  charge,  without  sending 
the  pump  back  to  the  manufactory.  The  main 
valve  is  the  ordinary  cylindrical  slide-valve  familiar 
to  all  engineers. 

Certainly  of  Action. 

This  pump  has  no  "dead-centres,"  where  it  will  stop. 
It  will  start  from  any  part  of  the  stroke  without  the 
use  of  any  startmg  bar  or  hand  work  to  get  it  over 
the  centre ;  and  one  of  the  especial  points  of  excellence 
which  it  possesses  over  other  pumps  is,  that  it  will 
work  its  steam  valve  with  water,  and  will  start  even 
if  the  steam  pipe  is  filled  with  the  water  of  conden- 
sation, as  is  very  often  the  case  in  factories  where 
the  pump  is  not  in  continual  use.  The  importance 
of  this  every  engineer  will  fully  appreciate. 

Durability. 

All  the  material  used  in  the  construction  of  these 
pumps  is  of  the  very  best.  The  piston  rods,  valves, 
valve  seats,  and  the  linings  in  the  water  cylinder,  are 
of  the  best  composition  metal. 
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IBgh  Speed, 

In  most  pumps,  where  the  maiu  valve  is  operate<l 
by  steam  admitted  by  a  small  auxiliary  valve,  when 
moving  at  a  high  s|>ee<i,  the  steam  will  not  work  the 
main  valve  quick  enough,  and  consequently  the 
piston  strikes  the  head  of  the  cylinder.  Tliis  objec- 
tion is  entirely  overcome  in  this  pump.  When 
running  slowly,  the  stoam  operates  the  main  valve, 
but  if,  in  running  rapidly,  the  steam  should  not  op- 
erate the  valve'  quickly  enough,  then  the  momentum 
of  the  main  piston  and  rod,  which  is  connected  direct 
with  the  Valve  rod,  by  means  of  a  tap|)et,  will  reserve 
the  valve  and  thus  chauge  the  direction  of  the  piston 
before  it  can  strike  the  cylinder  head,  so  that  at  any 
speed  there  will  invariably  be  a  full  port  of  steam  for 
the  return  stroke  before  the  piston  reaches  the  end 
of  the  stroke. 

Economy. 

The  water  passages  are  very  large  and  ample,  and 
in  ct)nsequence  of  the  valves  being  in  the  cylinder 
heads  all  crooked  and  complicated  water  passages 
are  done  away  with,  thus  reducing  the  loss  of 
power  caused  by  the  friction  of  the  water  in  turning 
short  corners  in  crooked  {)assages,  and  making  the 
pump  w^ork  with  greater  ease  and  economy. 

Facility  of  Repairs. 

The  water  cylinder  of  this  pump  is  a  novel 
feature.     The    valves    and   valve   scats   are  placed 
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in  the  cylinder  heads,  and  are  easily  removed  or 
repiace4l  without  ^Iisturbing  the  air  chamber,  suction 
or  discharge  pipe. 

All  parts  are  made  interchangeable,  so  that  in  cane 
of  wear  or  accidental  breakage,  duplicate  parfs  can  be 
supplied  without  the  trouble  or  annoyance  of  taking 
out  the  pump  and  sending  it  to  the  uianutactory. 


Fig.  S3.— EdowIcb  Patent  Steam  Pamp— Sectional  View. 
The  Knowles  Patent  Steam  Pump.  (Fig.  63.) 
It  is  conceded  that  the  direct  acting,  positive 
motion  steam  pump  originated  wifii  Mr,  L,  J. 
Knowles.  Since  the  first  he  has  made  more  steam 
pumps  than  any  other  manufacturer,  adapting  them 
to  every  conceivable  requirement,  improving  them  in 
every  part  where  costly  experiment  and  wide  expe- 


224       PRACTICAI^  STEAM   £N6I5£ER's  GUIDE. 

rtence  has  shown  that  thev  could  be  improved  ;  and 
it  is  now  claimedy  that  these  pumps,  in  their  manifold 
varieties,  for  effieiencVy  durability,  simplicity,  and  cer- 
tainty of  action,  are  equal  to  any  in  the  world. 

By  ^Mirect  acting"  is  meant  a  pumping  engine 
having  a  steam  pLston  and  one  or  more  water  pistons 
or  plungers  attached  to  one  piston  rod,  all  having 
equal  motion  on  central  or  parallel  lines. 

By  "  positive  motion"  is  understood  a  valve  motion 
with  such  arrangements  of  parts  that  the  valve  can 
never  be  in  such  a  position  that  the  pump  will  not 
at  once  start  on  admission  of  pressure,  either  of  air, 
water,  or  steam. 

These  pum^is  are  symmetrical  in  outline,  having 
great  strength  without  excessive  weight  or  clumsiness. 
Material  and  workmanship  is  of  the  very  best 
throughout,  as  good  in  every  respect  as  in  the  best 
modern  locomotives.  All  parts  are  made  inter- 
changeable. Cylinders  are  made  from  iron  specially 
adapted  to  the  work  required.  Water  cylinders, 
when  used  for  pumping  liquids  requiring  it,  are  made 
of,  or  lined  with,  the  best  quality  of  "gun  metal" 
(government  standard). 

Piston  heads,  lK)th  steam  and  water,  have  carefully 
fitted  rings  or  packings  of  such  design  and  material 
as  years  of  experience  has  proved  most  suitable  for 
the  work  required. 

The  piston  rods,  stuffing  boxes,  and  glands,  on  all 
small  and  medium  sizes  are  of  best  "gun  metal." 
The  larger  sizes  have  rods  of  steel  or  cold  rolled  iron, 
with  composition  coverings. 
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These  pumps  are  made  long  eonneetecl,  thereby 
giving  easy  access  to  stuffing  boxes,  and  preventing 
the  piston  rod  running  from  live  steam  into  cold 
water,  thereby  obviating  the  consequent  leaking  and 
tearing  away  of  stuffing  boxes,  loosening  pistons, 
breaking  piston  rods,  etc.,  inevitable  to  all  "short 
connected  "  pumps. 

In  the  steam  cliest  there  are  only  "two  pieces," 
the  valve  (which  is  a  flat  slide  valve),  and  the  valve 
driving  piston,  and  each  being  made  all  in  one  piece 
make  only  two  moving  pieces  in  the  steam  chest,  to 
produce  the  entire  motion. 

The  steam  valve  of  the  pump,  being  an  ordinary 
flat  slide  valve,  does  not  have  a  rotary  motion  but 
fcimply  a  horizontal  motion,  the  same  as  any  slide 
valve.  This  style  of  flat  valve  embodies  the  most 
favorable  possible  conditions  for  tightness,  even  after 
the  wear  consequent  upon  a  long  use. 

The  slight  rotary  motion  imparted  to  the  valve- 
driving  piston,  by  the  rocker  arm,  simply  puts  it  in 
a  position  to  be  driven  horizontally  by  the  steam,  in 
which  motion  it  carries  the  slide  valve  with  it,  both 
being  directly  connected  together.  This  pump  has 
always  been  made  with  a  plain  slide  valve,  and  hav- 
ing only  two  moving  pieces  in  the  steam  chest,  is 
consequently  the  most  simple,  durable,  and  positive 
pump  in  existence. 

It  has  no  spring,  screws,  yokes,  nuts,  followers, 
rings,  plunger  cushion  springs,  movable  seats,  poppet 
valves,  or  studs,  inside   of  the   steam   chest.     The 
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driving  piston  is  entirely  independent  of  exhaust 
steam  for  cushioning,  thereby  working  with  the 
same  certainty  and  exactness  when  exhausting  into 
vacuum  (working  condensing),  as  when  exhausting 
hito  atmospliere.  It  will  also  work  equally  well 
in  a  vertical  as  in  a  horizontal  position ;  these 
are  l)oth  valuable  and  distinctive  features  of  this 
pump. 

It  runs  with  less  clear?ince  in  the  steam  cylinder 
than  some  other  steam  pumps,  thereby  economizing 
steam.  It  will  run  at  any  speed,  very  slow  or  very 
fast.  The  joints  are  ground  to  fit,  and  require  no 
packing.  It  will  always  start  at  any  part  of  the 
stroke,  and  has  no  dead  points  whatever. 

Patented  improvements  recently  applied,  insure 
entire  freedom  from  "jar"  or  "pounding"  under 
every  condition  of  pressure,  and  "still  running"  at  a 
higher  speed  than  has  been  attainable  with  any  other 
pumping  engine.  Tlie  water  ends  of  these  pumps 
have  unusually  large  openings — ample  valve  area, 
and  are  of  easy  access.  The  valve  seats  are  compo- 
sition, and  the  valves  can  be  either  rubber,  clack, 
hinge,  poppet,  disk,  cup,  cage,  or  ball  valves;  also, 
water  pistons  of  every  known  variety,  to  suit  the 
required  work. 

All  the  parts  are  made  actually  interchangeable  and 
to  fit.  Every  pump  can  be  taken  apart  without  discon- 
necting the  pipes.  The  patent  hot  water  piston  is  self- 
adjusting  and  always  tight  and  easy  running.  The 
water  valves  can  be  taken  out  and  replaced  almost 


Ptg.  04.— Dbahb'b  Patrnt  Stba 


gjyM  PnMP.    {Sectional   Vtev.)    Page  327. 


STANDARD  AMERICAN   STEAM   PUMPS.        227 

instantly.     It  has  larger  ports  and  le&s  friction  than 
any  other  pump. 

The  best  hand  power  attachment  in  use,  secured 
by  letters  patent ;  it  does  not  necessitate  the  cutting 
away  of  any  part  of  the  pump  to  attach  it.  It  is  in- 
valuable for  filling  boilers  when  steam  is  down,  etc., 
and  can  be  removed  by  simply  lifting  it  from  its  rests. 
It  is  conceded  by  the  best  engineering  talent,  that 
the  workmanship  is  equal  to  any  machine  of  its  kind 
produced  in  this  or  any  other  country.  They  are 
made  by  the  Knowles  Steam  Pump  Works,  Warren, 

Mass. 

Deane*s  Patent  Steam  Pump. 

As  no  rotary  motion  is  developed  in  direct-acting 
steam  pumps,  by  means  of  which  an  eccentric  can  be 
made  to  operate  the  valve,  it  is  necessary  to  reverse 
the  piston  by  an  impulse  derived  from  itself  at  the 
end  of  each  stroke.  This  cannot  be  effected  in  an 
ordinary  single  valve  engine,  as  the  valve  would  be 
moved  only  to  the  centre  of  its  motion,  and  then  the 
whole  machine  would  stop.  To  overcome  this  diffi- 
culty without  having  recourse  to  the  momentum  de- 
rived from  a  fly-wheel,  a  small  steam  piston  is  provided 
to  move  the  main  valve  of  the  engine.  This  small  or 
supplemental  piston  as  it  is  called,  being  operated  in 
its  turn  by  a  small  valve  which  is  moved  by  power 
derived  from  the  mam  piston  when  near  the  end  of 
its  stroke. 

In  the  Deane  patent  steam  pumps,  the  tappit  arm 
(Fig.  64),  which  is  carried  by  the  piston  rod,  comes 
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in  contact  with  the  tappit,  when  near  the  end  of  its 
motion,  and,  by  means  of  the  valve  rod,  moves  the 
small  slide  valve  which  operates  the  supplemental 
piston.  The  supplemental  piston,  carrying  with  it 
the  main  valve,  is  thus  driven  over  by  steam,  and  the 
engine  reversed.  If,  however,  the  supplemental 
piston  fails  accidentally  to  be  moved,  or  to  be  moved 
with  sufficient  promptness  by  steam,  the  lug  on  the 
valve  rod  engages  with  it  and  compels  its  motion 
by  power  derived  from  the  main  engine. 

The  peculiar  excellence  of  the  Deane  steam  pump 
consists. 

First,  in  the  unequalled  simplicity  of  its  mechan- 
ism. Its  valve  gear  consists  of  fewer  pieces  than  are 
found  in  any  other  pump.  All  the  parts  move  on 
parallel  lines,  and  central  to  the  same  vertical  plane, 
so  that  all  levers,  connecting  rods,  rocker  arms, 
springs,  adjustable  screws  and  other  mechanical  com- 
plications are  avoided.  Both  the  main  valve  and 
the  supplemental  valve  are  flat  slide  valves,  readily 
understood  and  easily  reseated  in  case  of  wear.  The 
supplemental  piston  is  in  one  piece,  and  it  is  a  piston, 
not  a  valve. 

Second,  in  the  certainty  of  its  action.  The  supple- 
mental piston,  which  has  a  compensating  steam  jacket, 
is  driven  by  the  direct  pressure  of  steam  on  alternate 
ends,  complemented  when  necessary  by  the  whole 
power  of  the  main  engine,  so  that  it  runs  equally 
well  vertically  or  horizontally,  exhausting  into  open 
air  or  into  a  condenser.     The  mechanical  connection 
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renders  it  absolutely  certain  that  the  valve  shall  al- 
ways lead  the  piston,  so  that  there  is  no  .possibility  of 
any  pounding  on  the  cylinder  heads,  and  the  clear- 
ance in  the  cylinder  is  reduced  to  the  minimum.  The 
machine,  simple,  yet  lacking  nothing  essential  to  a 
perfect  pump,  is  always  ready  and  in  position  to  start 
at  any  point  in  its  stroke,  on  the  admission  of  water, 
air  or  steam,  and  to  run  at  any  speed  desired,  either 
the  fastest  or  the  slowest. 

The  Blake  Steam  Pump. 

Fig  65  shows  the  steam  valves,  valve  gear,  etc. 

The  Blake  patent  steam  pump  is  absolutely  positive 
in  its  action — that  is  to  say,  the  operation  at  the 
slowest  speed,  under  any  pressure,  is  perfectly  con- 
tinuous, and  the  pump  is  never  liable  to  stop  as  the 
main  valve  passes  its  center.  An  ingenious  and 
simple  arrangement  is  used  in  the  Blake  pump  to 
overcome  the  ''dead  center,"  as  will  be  seen  from  the 
following  description  of  the 

Operation : 

The  main  or  pump  driving  piston  A  could  not  be 

made  to  work  slowly  were  the  main  valve  to  derive 

its  movement  solely  from  this  piston ;  for  when  the 

valve  had  reached  the  center  of  its  stroke,  in  which 

position   the    ports   leading    to    the   main   cylinder 

would  be  closed,  no  steam  could  enter  the  cylinder  to 

act  on  the  main  piston,  so  that  the  latter  would  come 

to  rest,  since  its  momentum  would  be  insufficient  to 

keep  it  in  motion,  and  the  main  valve  would  remain 
20 
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in  its  central  position.  To  shift  this  valve  from  its 
central  position  and  admit  steam  in  front  of  the  main 
piston  (whereby  the  motion  of  the  piston  is  reversed 
and  its  action  continued),  some  agent  independent  of 
the  main  piston  must  be  used.  In  the  Blake  pump, 
this  independent  agent  is  the  supplemental  or  valve 
driving  piston  JS. 

The  main  valve,  whose  movement  alternately 
opens  the  ports  for  the  admission  of  steam  to  and  the 
escape  of  steam  from  the  main  cylinder,  is  divided 
into  two  parts,  one  of  which,  C,  slides  upon  a  seat  on 
the  main  cylinder,  and  at  the  same  time  affords  a  seat 
for  the  other  part,  D,  which  slides  upon  the  upper 
face  of  C.  As  shown  in  the  engravings,  D  is  at  the 
left-hand  end  of  its  stroke,  and  (7  at  the  opposite  or 
right-hand  end  of  its  stroke.  Stearn  from  the  steam- 
chest,  J,  is  therefore  entering  the  right-hand  end  of  the 
main  cylinder  through  the  ports  E  and  Jf,  and  the 
exhaust  is  escaping  through  the  ports  JET^,  i?*,  -JTand 
My  which  causes  the  main  piston  A  to  move  from 
right  to  left.  When  this  piston  has  nearly  reached 
the  left-hand  end  of  its  cylinder,  the  tappet-arm,  T, 
attached  to  the  piston-rod,  comes  in  contact  with  and 
moves  the  valve  rod  collar  0^  and  valve  rod  P,  and 
thus  causes  C,  together  with  the  supplemental  valves 
R  and  8  8^,  which  form  with  C  one  casting,  to  be 
moved  from  right  to  left.  This  movement  causes 
steam  to  be  admitted  to  the  left-hand  end  of  the  sup- 
plemental cylinder,  whereby  its  piston  £  will  be 
forced  towards  the  right,  carrying  D  to  the  opposite 
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or  right-hand  end  of  its  stroke ;  for  the  movement 
of  8  closes  N  (the  steam  port  leading  to  the  right- 
hand  end),  and  the  movement  of  8^  opens  N^  (the 
steam  port  leading  to  the  opposite  or  left-hand  end), 
at  the  same  time  the  movement  of  V  opens  the 
right-hand  end  of  this  cylinder  to  the  exhaust, 
through  the  exhaust  ports  X  and  Z.  The  parts  C 
and  J)  now  have  positions  opposite  to  those  shown  in 
the  engravings,  and  steam  is  therefore  entering  the 
main  cylinder  through  the  ports  E^  and  H\  and  es- 
caping through  the  ports  H,  E,  K  and  Jf,  which 
causes  the  main  piston  A  to  move  in  the  opposite  di- 
rection, or  from  left  to  riglit,  and  operations  similar 
to  those  already  described  will  follow,  when  the  pis- 
ton approaches  the  right-hand  end  of  its  cylinder. 
By  this  simple  arrangement  the  pump  is  rendered 
positive  in  its  action — that  is,  it  will  instantly  start 
and  continue  working  the  moment  steam  is  admitted 
lo  the  steam-chest. 

The  main  piston  A  cannot  strike  the  heads  of  its 
cylinder,  for  the  main  valve  always  has  a  lead,  or,  in 
other  words,  steam  is  admitted  in  front  of  the  piston 
just  before  it  reaches  either  end  of  its  cylinder,  even 
should  the  supplemental  piston,  jB,  be  tardy  in  its 
action  and  remain  with  D  at  that  end  towards  which 
the  piston  A  is  moving,  for  C  would  be  moved  far 
enough  to  open  the  steam  port  leading  to  the  main 
cylinder,  since  the  possible  travel  of  C  is  greater  than 
that  of  D. 

The  result  of  this  ingenious  combination  of  valves 
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is  a  perfectly  continuous  action  without  any  dead 
point.  This  result  is  attained  without  any  complex 
internal  arrangement,  and  without  the  presence  of 
any  parts  which  are  liable  to  get  out  of  order.  The 
valve  gear  is  in  fact  most  simple  in  its  character.  Of 
the  excellent  working  of  the  Blake  pump  at  extreme 
ranges  of  speed,  we  are  enabled  to  speak  from  per- 
sonal observation. 

The  pump  tested  was  first  worked  very  rapidly 
and  then  set  to  a  speed  which  for  slowness  and  perfect 
continuity  has  never  been  equaled  in  our  experience. 
With  the  delivery  throttled  to  represent  a  head 
pressure  of  water  of  230  feet,  and  with  an  average 
steam  pressure  of  40  pounds,  this  pump  ran,  or  rather 
crawled,  at  the  rate  of  five  strokes  per  hour,  deliver- 
ing water  throughout. 

It  is  needless  to  observe  that  such  a  low  speed  as 
this  would  not  be  required  in  practice,  but  it  illus- 
trates the  reliability  of  the  Blake  Pump  either  in 
quick  or  slow  working.  The  pump  was  then  put  to 
work  under  rapidly  varying  loads,  and  throughout 
acquitted  itself  most  creditably,  affording  ample 
foinidation  for  the  opinion  we  have  already  expressed 
— that  it  will  not  fail  to  establish  for  itself  as  high  a 
rejmtation  in  England  as  it  has  in  America. 


CHAPTER  VII. 

INJECTOR. 

The  injector  was  invented  by  M.  Giffard,  of 
France.  The  invention  of  the  injector  for  supplying 
feed-water  to  the  boiler  of  an  engine  is  principally 
remarkable  as  presenting  an  illustration  of  the  direct 
conversion  of  heat  into  work.  Before  describing  the 
apparatus  it  will  be  necessary  to  explain  the  meaning 
of  the  term  'induced  current.' 

Looking  back  historically  it  appears  that  in  1719 
Hawksbee,  the  inventor  of  a  double  cylinder  air- 
pump,  showed  that  when  a  current  of  air  was  sent 
through  a  small  box — entering  by  an  opening  at  one 
side  near  the  top  and  escaping  by  a  corresponding 
opening  at  the  opposite  side — the  effect  was  to  rarefy 
the  air  within  the  box  rather  than  to  compress  it.  It 
is  an  old  experiment  to  suck  up  and  drive  a  jet  of 
spray  out  of  a  bottle  by  blowing  through  a  horizontal 
tube  with  a  contracted  nozzle  whose  end  is  placed 
just  over  a  vertical  tube  dipping  into  water  contained 
in  the  bottle.  The  current  of  air  passing  over  the 
open  mouth  of  the  vertical  tube  carries  away  some  of 
the  air  from  inside  the  tube,  whereby  the  water  rises 
to  the  top  and  is  dispersed  in  a  jet  of  spray. 

According  to  theoretical  definitions  the  particles 
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of  gases  repel  one  another  and  have  no  coherent 
action  among  themselves.  In  practice  this  is  not  the 
case;  and  if  a  definite  current  of  air  be  set  up  in  a 
mass  of  air  at  rest,  as  when  a  jet  escapes  from  the 
mouth  of  a  tube,  the  air  in  motion  will  drag  a  num- 
ber of  the  quiescent  particles  with  it  and  will  extend 
considerably  the  dimensions  of  the  original  current. 
It  will,  in  technical  language,  induce  a  current  also 
in  the  surrounding  air. 

Tlie  application  of  an  induced  current,  with  which 
we  are  now  concerned,  is  exhibited  in  Fig.  66.  The 
globular  vessel  represents  a  boiler  in  which  high 
pressure  steam  is  generated,  and  from  which  it 
escapes  at  an  orifice,  E.  The  steam  is  discharge<l  just 
inside  a  conical  casing  or  nozzle,  the  object  of  which 
is  to  provide  a  means  for  setting  up  an  induced 
current  of  air  which  will  speedily  exhaust  the  tube. 
The  water  forced  up  by  atmospheric  pressure  to 
supply  the  loss  of  air,  will,  therefore,  issue  from  E, 
and  we  shall  have  made  the  first  step  towards  the 
construction  of  an  injector,  viz.,  the  discharge  through 
E  of  a  mixed  jet  of  steam  and  water.  Fig.  67  shows 
a  Giifard  injector,  as  made  by  Wm.  Sellers  &  Co., 
Philadelphia,  Pa.  There  is  a  pipe  marked  "steam," 
which  terminates  in  a  vertical  conical  nozzle,  having 
within  it  a  solid  rod  or  needle  capable  of  contracting 
in  any  degree  the  amount  of  the  issuing  jet.  On  the 
opposite  side  of  the  apparatus  is  a  pipe  marked 
"water,"  which  corresponds  to  A  B  in  the  elementary 
diagram,  and  by  turning  the  wheel  marked  "water 
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regulator"  the  tinted  sliding  tube  is  brought  up  or 
down,  so  as  to  regulate  the  supply  of  water  which  is 
sucked    up   by    the   inducing  action  of  the  steam. 


Fig.  66. 

There  is  here,  therefore,  precisely  the  apparatus 
already  described,  together  with  the  mechanical 
means  for  regulating  the  supply  of  steam  and  the 
supply  of  water. 


Fig.  (37. 

At  one  end  of  the  injector  is  a  valve  opening  out- 
wards, leading  to  the  flanged  and  marked  "delivery,^' 
which  is  in  direct  communication  with  the  boiler. 
This  valve  is  shown  open  in  the  figure,  but  it  is  closed 
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by  the  ))ressure  in  the  boiler  when  the  injector  is  not 
at  work. 

.  Looking  again  at  Fig.  66,  which  is  intended  to 
show  the  action  in  its  most  simple  form,  we  may 
point  out  that  M.  Giftard  discovered  that  a  jet  of 
mixed  steam  and  water,  issuing  from  E  under  the 
circumstances  above  stated,  is  competent  to  overpower 
and  drive  back  a  simple  jet  of  water  issuing  from  the 
opening  D,  and  that  a  supply  of  feed-water  may  be 
forced  into  a  boiler  by  the  steam  generated  therein 
without  the  use  of  any  pumping  apparatus  what- 
ever. 

Since  action  and  reaction  are  equal  and  opposite, 
it  is  abundantly  clear  that  a  simple  jet  of  high  press- 
ure steam  issuing  from  E  could  never  drive  back  a 
jet  of  water  issuing  from  D  under  the  same  pressure. 
It  was  a  great  step  in  science  to  conceive  the  idea 
that  the  absorption  of  heat  which  took  place  at  E 
could  furnish  a  source  of  energy  directly  available 
for  doing  work.  There  has  been  no  parallel  to  this 
discovery  in  any  analogous  direction,  and  it  is  difficult 
to  account  for  the  action. 

On  the  steam  side  there  is  the  kinetic  motion  of 
the  molecules  of  steam,  and  on  the  water  side  there 
is  the  motion  of  translation  of  a  quantity  of  water, 
and  the  problem  is  to  show  a  possible  method  of 
passing  from  the  one  to  the  other.  Now,  the  steam 
issuing  at  E  has  a  velocity  many  times  greater  than 
that  of  the  water  forced  out  at  D.  The  instant  that 
steam  is  liberated  and  escapes,  the  kinetic  motion  of 
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it*  particles  appears  under  a  new  form,  viz.,  as  a 
motion  of  translation,  and  the  velocity  of  an  issuing 
jet  of  steara  is  raauy  times  greater  than  that  of  a  jet 
of  water  forced  out  by  the  same  pressure.  If,  there- 
fore, the  jet  of  steam  could  be  condensed  by  an  indefi- 
nite source  of  cold  after  it  had  fairly  got  clear  of  the 
orifice,  it  would  be  converted  into  a  fine  liquid  line, 
and  the  velocity  with  which  its  molecules  were 
rushing  out  would  not  be  changed.  The  motion  of 
heat  would  be  diminished,  but  tlie  onward  motion 
would  remain  unimpaired.  This  liquid  line  would 
be  moving  at  such  a  high  velocity  that  it  would 
pierce  any  jet  of  water  coming  towanls  it  from  the 
boiler,  very  much  as  if  it  were  a  steel  wire  forcing 
its  way  through  the  mass.  We  know  of  no  source 
of  cold  competent  to  produce  this  result,  but  what 
really  happens  is  the  same  in  character  though  less 
in  degree.  The  steam,  liquefied  at  E,  retains  to  some 
extent  the  higher  velocity  which  it  possessed  as  steara, 
and  on  the  whole  the  airgregate  energy  of  the  water 
globules  flowing  onward  at  E  is  greater  than  that  of 
the  water  jet  coming  towards  them  from  D.  The 
latter  jet  is  overpowered  and  driven  back,  and  a 
quantity  of  water  from  the  cistern  at  A  is  continually 
forced  into  the  boiler. 

As  to  the  velocities  with  which  we  have  to  deal,  it 
appears  that  if  the  steam  had  an  actual  pressure  of 
VAX  atmospheres  the  water  would  issue  at  a  velocity 
of  about  101  feet  per  second,  and  the  steam  at  a 
velocity  of  about  1,800  feet  j)er  second. 
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Referring  again  to  Fig.  67  it  will  be  seen  that  a 
pipe  marked  ** overflow"  leads  out  from  the  centre  of 
the  instrument;  this  pipe  communicates  with  a  small 
chamber  in  the  central  channel  just  below  the  level 
of  the  pinion,  and  is  intended  to  allow  the  escape  of 
any  surplus  water.  When  the  supply  of  steam  is 
properly  adjusted  to  the  amount  of  water  sucked  into 
the  instrument  no  overflow  takes  place,  whereas  an 
access  of  water  or  steam  will  at  once  give  rise  to  a 
discharge  at  the  overflow.  In  the  one  case  the  energy 
imparted  to  the  water  is  insufficient  and  part  recoils, 
wliile  in  the  other  case  too  great  a  condensation  of 
steam  will  occur  and  energy  will  be  dissipated.  It 
is,  however,  easy  to  adjust  the  steam  and  water  regu- 
lators so  as  to  avoid  anv  waste. 

The  rise  in  temperature  of  the  feed-vVater  shows 
the  amount  of  energy  available  for  doing  work,  and 
it  is  found  that  the  quantity  of  water  delivered  into 
the  boiler  increases  as  the  feed- water  itself  is  supplied 
in  a  colder  state.  Thus,  in  one  case,  the  temperature 
of  the  feed-water  before  entering  the  injector  was  60°, 
90°,  120°,  and  the  number  of  gallons  of  water  de- 
livered per  hour  was  972,  786,  486  respectively.  It 
is  a  confirmation  of  the  explanation  that  steam  at  a 
given  pressure  will  force  water  into  a  boiler  against 
a  still  higher  pressure.  Thus,  steam  at  27  lbs.  press- 
ure forced  water  into  a  boiler  where  the  steam  was 
at  52  lbs.  pressure,  the  temperature  of  the  feed- 
water  being  raised  from  92°  to  170°  during  the 
operation. 
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The  "1876"  Injector, 

By  William  Sellers  &  Co.,  Philadelphia,  Pa.  The 
introduction  of  the  Giffard  injector  in  this  country 
was  made  by  William  Sellers  &  Co.,  of  Philadelphia, 
in  1860,  and  they  were,  during  the  continuance  of  the 
original  patent,  the  sole  licensee^  and  manufacturers 
under  that  patent  in  the  United  States,  and  have 
made,  from  time  to  time,  improvements  in  the  instru- 
ment. In  1865  they  introduced  the  novel  and 
important  principle  of  self-adjustment.  Previous  to 
this,  injectors  had  either  fixed  nozzles  or  were  ar- 
ranged with  independently  adjustable  nozzles,  sep- 
arately operated  to  adapt  the  steam  and  water-supply 
to  each  other,  and  to  the  changes  in  the  boiler  press- 
ure, etc.  In  these  injectors  any  want  of  proper 
adjustment  was  indicated  either  by  a  waste  of  water 
or  in-draught  of  air  at  the  overflow,  and  if,  after  a 
most  careful  adjustment  of  the  parts  to  produce  the 
best  results,  the  steam  pressure  in  the  boiler  changes, 
the  instrument  would  work  badly  until  readjuste<l 
for  the  new  conditions.  The  self-adjusting  instru- 
ments have  no  waste  at  the  overflow.  After  starting, 
the  steam-supply  alone  is  adjusted  by  hand,  and  the 
water-supply  is  automatically  regulated,  so  that  tlie 
steam  is  always  combined  with  the  exact  quantity 
of  water  necessary  to  produce  the  best  results,  no 
matter  how  much  the  steam  pressure  in  the  boiler 
may  vary.  This  instrument  in  its  improved  form 
went  through  various  changes  for  the  better  up  to  th6 
year    1876,   when    a   new   style,   the  "  Injector  of 
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1876,"  was  exhibited  at  the  Centennial,  after  careful 
tests  on  leading  railroads. 

The  advantages  of  using  an  injector  to  feed  steam 
boilers  are,  tliat  it  may  be  operated  to  deliver  the 
water  in  a  continuous  stream,  and  furnishes  heated 
water  at  all  times.-  To  obtain  the  full  advantage  of 
the  injector  the  manipulations  of  the  instrument 
required  to  start  and  regulate  the  feed  should  be 
simpler  than  those  necessary  in  the  use  of  the  pump. 
The  "  Injector  of  1876,"  a  sectional  view  of  which  is 
shown  in  Fig.  68,  was  designed  to  accomplish  this 
object,  and  is  put  in  operation  and  regulated  entirely  hy 
moving  a  single  handle.  The  connection  to  the 
boiler,  and  those  for  the  admission  of  steam  and 
water,  are  clearly  designated  in  the  figure,  the  latter 
being  provided  with  a  suction  chamber  to  steady  the 
flow.  A  fixed  receiving-tube,  through  which  the 
principal  jet  of  steam  passes,  is  regulated  by 
the  position  of  the  interior  conical  spindle.  The 
annular  jet  of  steam  combines  with  water  in  the 
combiuing-chamber,  and  the  concentrated  jet  is 
forced  through  a  delivery-tube,  and  the  check-valve 
shown,  to  the  boiler.  The  combining-tnl)e  forms 
part  of  the  piston,  which  fits  freely  into  the 
case,  and  the  smaller  end  of  combining-tube  slides 
freely  also  in  the  end  of  delivery-tube.  The  press- 
ure of  the  water  is  on  one  side  of  the  piston, 
and  the  other  side  is  in  communication  with  the  jet 
issuing  from  combining-tube  through  an  opening 
inside  of  deli  very -tube.      If  the    water-supply    be 
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too   great,  a  pcurtion  escapea  through   an    opening 


aod  accnmulating  in  the  surrouadiug  chamber,  f<>roe8 
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the  piston  and  combining-tube  towards  the  reoeivinf^ 
tube,  and  contracts  the  annular  space  between  the  two 
latter,  so  that  the  water-supply  is  reduced.  If  the 
water-supply  be  insufficient,  a  partial  vacuum  will  be 
produced  in  the  chamber,  and  the  piston  moved  to 
admit  more  water.  .  In  this  manner  the  supply  of 
water  is  automatically  adjusted  to  suit  all  the  re- 
quirements. 

The  description  thus  far  is  common  to  all  the 
Sellers'  self-regulating  injectors.  In  the  "Injector 
of  1876,"  the  central  spindle  shown  in  the  receiving 
and  combining-tubes  is  secured  to  an  operating-spindle, 
and  has  a  small  bore  throughout  its  length,  which 
receives  steam  through  small  openings,  when  the 
valve  on  operating-spindle  is  raised  from  its 
seat  in  the  top  of  the  larger  valve,  which  admits 
steam  to  the  receiving-tube  around  the  central  conical 
spindle.  The  operating-spindle  is  moved  through  the 
arm  and  slide  shown,  by  the  operating-lever;  and 
the  latter,  also,  by  means  of  the  rod,  with  stops  upon 
same,  operates  the  screw  overflow- valve  on  stem. 
In  the  position  shown,  steam  is  shut  off,  and  the 
overflow-valve  is  open.  Upon  moving  the  lever  the 
valve  is  first  opened^  and  tlie  steam  is  first  ad- 
mitted to  the  small  bore  of  central  spindle,  and  issues 
in  a  jet,  which  induces  a  current  in  the  water-supply 
pipe,  whereby  the  air  is  withdrawn — water  lifted 
and  expelled  at  the  overflow.  [The  lifting  eflect 
desired  is  quite  dissimilar  from  the  action  of  the 
annular  jet  in  operation  as  a  boiler  feeder^  being 
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more  nearly  allied  to  the  action  of  the  exhaust  in 
producing  a  draught  in  the  smoke-pipe  of  a  locomotive, 
and  requires  a  high  velocity  and  free  expansion  at  the 
moment  of.  escape.]  When  the  water  is  lifted  by 
moving  the  handle  still  more,  a  collar  on  the 
central  spindle  comes  in  contact  with  and  opens  the 
large  valve,  thereby  admitting  steam  to  the  an- 
nular jet  to  produce  regular  operation,  as  previously 
describe<l,  and  the  handle,  upon  being  moved  back  to 
its  extreme  strikes  the  stop  on  the  rod,  and  thereby 
shuts  the  overflow.  At  the  same  time  a  pawl 
drops  into  a  rack  on  the  arm,  and  holds  the  lever 
in  position  when  the  latter  is  puslied  in  to  regu- 
late the  flow.  This  pawl  is  lifted  and  caught  fast, 
when  the  lever  is  pushed  entirely  in  to  stop  the 
injector,  and  not  relieved  again  till  the  lever  is  at  the 
other  extreme,  as  above  explained.  The  instrument 
can  be  located  in  any  convenient  position  on  the 
locomotive  above  the  water-level,  as  it  is  considered 
advantageous  to  have  the  injector  lift  its  supply  of 
water. 

The  Hancock  Inspirator. 

The  Hancock  Inspirator,  Fig.  69,  differs  in  some 
important  respects  from  the  instruments  commonly 
classed  under  the  head  of  injectors.  It  consists 
essentially  of  a  lifting-jet  and  lifting-nozzle,  com- 
bined with  a  forcing-jet  and  force  nozzle  or  injector, 
steam  being  admitted  to  both  of  these  nozzles  when- 
ever the  inspirator  is  in  operation,  to  deliver  the  sup- 
ply-water to  the  £>foe-nozzle>  and  to  force  it  throagh 
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tilts  nozzle  into  the  boiler.     Alttiongh  both  the  lifthij; 
and  f»r<^e-iii>zz1e8  are  fixed,  their  proportioD  one  tu 


OVERFLOW. 

Fig.  61.. 


tiie  otlier  is  snch  tliat  tlie  inspirator  requii-es  no  a«> 
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jnstmeni  for  changes  in  steam-pressure  or  water- 
supply,  the  waste-valve  being  kept  closed  while  the 
instrument  is  in  operation,  except  at  the  time  of 
starting.  The  sectional  view  of  the  stationary  in- 
spirator, Fig.  69,  will  serve  to  explain  the  action  of 
the  instrument.  In  this  figure,  A  is  the  steam-supj)ly 
pipe,  connecte<l  to  the  steam-space  of  the  boiler;  B 
is  the  water-supply  pipe ;  and  C  is  the  feed-pipe,  to 
which  is  connected  an  overflow  or  waste-pipe  with 
waste-valve,  these  latter  connections  not  being  shown 
in  the  figure.  D  is  the  lifting-jet,  E  the  lifting- 
nozzle,  G  the  forcing-jet,  and  H  the  force-nozzle. 
This  latter  nozzle  is  somewhat  analogous  to  the  com- 
bining-tube  of  an  ordinary  injector.  F  and  I  are 
stop- valves,  the  first  controlling  the  admission  of 
steam  to  the  forcing-jet,  and  the  latter  determining 
the  course  of  the  water  delivered  by  the  lifting-jet. 
The  action  of  the  inspirator  can  {)erhaps  be  most 
simply  explained  in  connection  with  a  description 
of  the  manipulation  required  to  start  the  instrument. 
In  the  figure,  the  inspirator  is  represented  in  oper- 
ation ;  but  when  it  is  not  working,  a  steam-valve  in 
the  pipe  A,  not  shown,  is  closed,  as  is  also  the  valve 
F,  while  the  valve  I  and  the  waste-valve  are  open. 
Opening  the  valve  iu  the  steam-supply  pipe  A,  steam 
is  admitted  to  the  lifting-jet  D,  drawing  water 
through  the  supply-pipe  B,  and  discharging  it 
through  the  lifting-nozzle  E,  valve  I,  waste-valve, 
and  overflow-pipe.  As  soon  as  water  issues  from  the 
overflow-pipe,  the  valve  I  is  to  be  closed,  when  the 
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supply-water  will  pass  through  the  force-nozzfe  H, 
and  will  escape  at  the  overflow.  The  valve  F  is 
then  to  he  opened,  by  moving  the  lever  K  one^ 
quarter  turn,  and  the  waste-valve  is  to  be  closed, 
when  the  water  lifted  and  delivered  to  the  force^ 
nozzle  H  will  be  forced  into  the  boiler  by  the  steam 
issuing  from  the  forcing-jet  G.  If  the  water  supply 
is  to  be  varied,  this  can  be  effected  by  partially  clos- 
ing a  valve  in  the  supply  pipe  B  without  throttling 
the  admission  of  steam  ;  or  l>oth  the  steam  and  water 
may  be  throttled  if  desired.  In  practice,  however, 
the  delivery  is  varied  by  throttling  the  water-supply. 
Whatever  changes  of  adjustment  are  made,  whether 
of  steam  or  water-supply  valves,  within  the  capacity 
of  the  inspirator,  the  instrument  will  continue  in 
operation  with  the  waste-valve  closed.  In  this  re- 
spect the  inspirator  differs  materially  from  fixed- 
nozzle  injectors,  which  cannot  be  operated  with  the 
waste  closed,  under  the  conditions  recited  above. 

The  Rue  Little  Giant  Injector, 

Made  by  the  Rue  Manufacturing  Company,  Phila- 
delphia, Pa.  The  principle  of  its  operation  is  as 
follows: 

As  the  steam  is  coming  from  the  boiler,  it  enters 
the  steam  plug.  Hero  it  is  joined  by  the  water, 
which  enters  and  fil:r3  ihe  combining  tube;  here  the 
steam  gives  the  water  a  velocity,  is  condensed,  and  a 
water  jet  is  formed  and  driven  across  the  overflow 
j^pace,  and  enters  the  discharge  plug;  thence  pasta 
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check  valve,  which  is  generally  placed  a  few  inches 
from  the  injector,  into  the  boiler. 

During  the  passage  of  the  water  from  the  com- 
bining tube  to  the  discharge  plug,  as  it  passes 
over  the  overflow  space,  if  too  much  water  has 
been .  supplied  to  the  steam,  some  will  esciipe,  and 
flow  out  of  the  overflow  nozzle;  for  the  reason  that 
the  pressure  of  steam  is  not  great  enough  to  give 
that  amount  of  water  the  necessary  velocity,  in  order 
that  it  way  have  sufficient  power  to  overcome  the 
resistance  of  the  boiler  pressure;  hence,  the  water 
and  condensed  steam  or  mixture,  as  it  is  generally 
termed,  must  pass  out  at  the  overflow. 

This  will  go  on  until  we  reduce  the  water-supply. 
This  is  done  by  moving  the  lever  to  the  right,  which 
will  move  the  combining  tube  nearer  to  the  steam 
plug,  thereby  reducing  the  supply  of  water  until  the 
steam  can  give  it  the  required  velocity,  and,  when 
this  has  been  obtained,  there  will  be  no  discharge  of 
water  at  the  overflow. 

The  injector  being  at  work  perfectly,  we  will  sup- 
pose that  the  pressure  of  steam  has  been  gradually 
increasing,  which  likewise  increases  the  velocity  of 
the  water  in  the  combining  tube,  until  it  is  driven 
through  faster  than  it  can  be  supplied,  and  air  will  be 
drawn  in  at  the  overflow;  but  this  is  prevented  by 
the  small  check-valve.  Whenever  this  occurs,  we 
are  generally  warned  by  a  peculiar  sound  coming 
from  the  injector. 

Thi^  will  go  on  until  the  amount  of  water  is  not 
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sufficient  to  condense  the  steam  and  l^e  at  a  less 
temperature  than  212*^  Fahr.,  which  will  cause  tlie 
formation  of  steam^  which  is  very  light,  although, 
with  its  high  velocity,  it  has  not  sufficient  power  to 
overcome  the  boiler  pressure,  and  must,  consequently, 
pass  out  at  the  overflow  in  the  form  of  a  very  we^ 
steam,  so  to  speak. 

From  the  above  it  will  be  seen  that  although  the 
velocity  of  the  mixture  of  a  temperature  above  212® 
Fahr.,  or  when  the  formation  of  steam  takes  place,  is 
much  higher  thun  that  of  a  mixture  in  which  this 
formation  does  not  take  place,  the  power  of  the 
former  is  much  less  than  that  of  the  latter,  "  because 
the  total  actual  energy  is  proportional  to  its  weight 
multiplied  by  the  square  of  its  velocUyJ^ 

To  illustrate  this  in  a  very  simple  way,  let  the 
reader  procure  two  wooden  balls  of  the  same  size, 
one  of  a  hard  and  heavy,  and  the  other  of  a  soft  and 
light  wood. 

Either  of  these  balls  will  float  on  the  surface  of 
a  body  of  water,  and  it  will  require  some  force  to 
sink  it;  but  take  them  up,  and  throw  the  heavy  one, 
for  example,  with  some  velocity  upon  the  water,  and 
it  will  sink  to  a  considerable  depth  before  the 
resistance  of  the  water  will  overcome  its  momentum 
or  actual  energy.  Now  take  the  light  one  and  throw 
it  with  the  same  velocity,  and  it  is  doubtful  if  it  will 
sink  more  than  a  few  inches.  This  goes  to  show  that 
the  weight  has  a  great,  deal  to  do  with  the  power 
of  tlie  mixture^  in  the  working  of  the  injector* 
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Another  important  point  that  should  not  be 
overlooked  is  that  of  the  temperature  of  the  feed- 
water. 

So  long  as  it  is  desirable  to  have  the  operation  of 
the  injector  as  perfect  as  possible,  the  temperature  of 
the  feed-water  should  not  exceed  certain  limits,  as  it 
is  necessary  that  the  steam  should  be  completely  con- 
densed. 

In  order  that  this  may  be  as  perfect  as  possible, 
and  the  operation  of  the  injector  the  same,  the  feed- 
water  must  be  cold  enough  to  absorb  the  proper 
number  of  heat  units  that  the  steam  contains,  and  be 
at  a  less  temperature  than  212°  Fahr. 

It  may  be  well  to  state  here  that  the  operation  of 
the  injectors  of  the  ordinary  form  ceases ;  that  is  to 
say,  they  will  not  do  the  work,  after  the  mixture 
reaches  or  exceeds  200°  Fahr. 

The  greatest  temperature  of  feed-water  will,  gen- 
erally speaking,  depend  upon  the  pressure  of  steam. 
When  the  pressure  of  steam  is  high,  the  temperature 
of  the  feed-water  must  be  lower  than  when  the 
pressure  is  low.  The  greatest  temperature  of  feed- 
water,  in  either  case,  can  best  be  determined  by 
experiment. 

By  carefully  considering  the  foregoing,  it  is  obvious 
that  the  amount  of  water  that  the  injector  throws 
must  increase  in  pro|X)rtion  to  the  amount  of  steam 
used,  when  the  temperature  of  the  feed-water  is 
raised. 

It  is  obvious  that  it  requires  a  greater  amount  of 
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water  to  condense  the  steam,  and  be  at  a  Iowm 
temiieratiire  than  say  195°  Fahr.,  than  it  would  if  the 
temiwratnre  of  tlie  feed-water  were  lower. 

From  what  we  have  already  stated,  it  will  be  seen 
that  when  the  amount  of  water  is  large  lu  proportioa 
to  the  amount  of  steam,  the  velocity  of  the  mixture 
also  diminishes.  This  also  applies  to  the  above, 
when  tlie  temjierature  of  the  feed-water  is  raised. 

With  a  certain  pressure  of  steam  and  temperature 


Fig.  70.— The  Rue  Little  Giant  Injeclor. 

of  feed-water,  the  power  of  the  mixture  may  be  just 
sufficient  to  overcome  the  boiler  pressure ;  wliereas, 
if  the  temperature  of  the  feed-water  is  still  increased, 
it  will  require  a  proportional  amount  of  water  to 
condense  the  steam ;  this  will  result  in  a  proportional 
reduction  of  velocity,  probably  sufficient  to  render 
the  power  of  the  mixture  valueless. 

When  the  injector,  shown  in  Fig.  70,  is  set  so  as 
to  Itfl  the  feed-water,  it  is  started  by  placing  the 
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lever  in  a  vertical  position,  and  opening  a  small  jet- 
valve  which  allows  the  steam  to  pass  through  a  small 
pipe  attached,  which  is  connected  to  the  small  pipe, 
through  which  the  steam  also  passes;  and  in  so 
doing,  draws  all  the  air  out  of  the  injector  and  water- 
supply  pipe,  thereby  creating  a  vacuum,  which  results 
in  the  pressure  of  the  atmosphere  raising  the  water 
in  the  pipe,  and  through  the  combining  tube,  thence 
out,  and  immediately  appears  at  the  end  of  the 
nozzle. 

As  soon  as  the  water  appears  at  the  overflow  nozzle, 
the  main  steam  valve  is  gradually  opened  until  it 
catches  the  water,  when  it  is  opened  wide,  and  the 
small  jet-valve  is  closed. 

Should  no  water  appear  at  the  overflow,  it  sh6w8 
that  the  injector  is  working  all  right. 

Now,  should  the  pressure  of  steam  increase  until 
the  temperature  of  the  mixture  is  high  enough  to 
cause  the  formation  of  steam,  and  a  discharge  of  the 
same  at  the  overflow,  we  must  increase  the  water- 
supply  until  this  discharge  ceases ;  after  the  discharge 
ceases  it  may  be  preferable  to  still  increase  the  supply 
of  water  until  there  will  be  a  discharge  of  water  at 
the  overflow ;  then  gradually  reduce  the  supply  of 
water — for  this  reason,  that  in  the  former  case  vou 
may  have  admitted  just  sufficient  water  to  keep  the 
temperature  of  the  mixture  below,  say  1 96°,  and  you 
may  not  have  given  it  all  the  water  that  the  stream, 
would  safely  carry  into  the  boiler. 
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The  KoTting  Univenal  Injector. 
Ab  will  be  observed  by  Fig.  71,  the  instrument 
is  s  combinatjon  of  two  steam  jet  apparatus ;  tlie  first 


Fig.  71.— The  Kortliig  Universal  Injector. 

one  proportioned  for  lifting  and  delivering  the  water 
under  some  pressure  into  the  second  one,  where  its 
velocity  is  sufficiently  augmented  to  overcome   the 
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oounter  pressure  of  the  boiler.  The  explanation  of 
the  proper  working  of  the  injector,  at  the  lowest  as 
well  as  the  highest  steam  pressures,  without  any 
adjustment  of  parts,  is  found  in  the  fact,  that  the 
quantity  of  the  water  taken  in  by  the  first  apparatus 
and  delivered  to  the  second  one  is  directly  in  pro- 
portion to  the^pressure  of  the  steam,  so  that  the  first 
one  acts  as  a  governor  for  the  second  one. 

The  explanation  of  the  feeding  of  hot  as  well  as 
cold  water,  is  found. in  the  construction  and  propor- 
tion of  the  first  apparatus,  which  has  a  proportionately 
small  steam  nozzle  to  insure  high  suction,  and  as  the 
water  is  delivered  to  the  second  one  under  pressure^ 
its  temperature  can  be  corresponding  to  this  pressure, 
and  may  be  delivered  into  the  boiler  above  the  boiling 
point.  At  the  same  time  the  combined  area  of  the 
two  steam  nozzles  is  smaller  than  that  of  any  other 
injector  of  the  same  capacity,  so  that  its  duty  must 
necessarily  behigher. 

This  combination  of  the  two  apparatus,  and  its 
self-governing  qualities  without  moving  parts,  makes 
the  apparatus  the  least  sensitive — a  great  desid- 
eratum on  locomotives. 

The  limits  of  admissible  temperature  are :  Feed- 
water  150  deg.  Fahr.  delivered  into  the  boiler,  with 
160  lbs.  steam  at  250  Fahr.  Injectors  will  lift  water 
up  to  twenty  feet,  according  to  temperature. 

Fixing  the  Injector. 

The  injector  should,  preferably,  be  fixed  horizontal, 
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in  which  case  it  will  drain  itself  when  not  in  opera-* 
tion.  The  pipe  should  not  be  smaller  than  the 
corresponding  size  of  couplings.  The  dirt  stop 
should  always  be  attached  where  the  water  is  not 
perfectly  clear.  There  should  be  a  steam  stop  valve, 
and  a  main  check  valve  on  boiler.  If  water  flows  to 
the  injector,  it  is  necessary,  to  have  a  stop  valve  in 
the  water  pipe. 

•  Before  connecting  the  injector,  have  the  steam 
pipe  well  blown  out  with  steam  to  clear  it  of  scale 
and  dirt.  Do  not  omit  to  attend  to  this,  as  the 
nozzle  openings  are  small,  and  if  clogged  with  red 
lead  or  dirt,  will  interfere  with,  or  stop,  the  action  of 
the  injector. 

ManipyJution. 

If  the  injector  has  to  draw  the -water,  open  with 
handle  A,  half-way  first,  till  water  is  discharged 
through  the  starting  cock  B,  then  open  full. 

This  stop  need  be  of  so  short  duration,  that  a 
continuous  moderately  slow  movement  will  accom- 
plish the  required  result ;  so  that  the  instructions  for 
manipulation  would  read :  To  start,  open  with  handle 
A ;  to  stop,  shut  with  handle  A.  To  regulate  the 
quantity  of  water  to  a  minimum,  throttle  the  water 
in  suction  pipe,  but  keep  steam  turned  on  full  all 
the  time.  Manufactured  by  Schutte  &  Goehring, 
steam  jet  engineers,  Philadelphia. 
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The  Keystone  Injector, 

Manufactured  by  E.  Tracy,  Philadelphia,  Pennsyl- 
vania. 

The  following  are  some  of  the  advantages  claimed 
for  this  injector. 

1st.  Its  simplicity,  durability,  and  easy  adjustment, 
requiring  no  skill  to  operate  it. 

2d.  It  is  not  affected  by  overheating,  and  will  work 
under  any  pressure  of  steam  from  5  lbs,  to  160,  and 
is  not  liable  to  break  while  working. 

3d.  It  is  void  of  all  stuffing  boxes.  No  extra 
fittings  required  for  the  two  classes  A  and  B. 

4th.  Its  advantages  over  pumps.  It  is  far  cheaper. 
It  is  not  necessary  to  run  engine  to  fill  boiler,  as  with 
engine  or  belt  pumps.  Thus  saving  fuel,  repaira, 
oil,  etc. 

5th.  The  water  by  the  use  of  this  injector  is  heated 
to  200°  Fahrenheit,  hence  no  heater  is  necessary, 
and  can  be  dispensed  with,  although  it  will  feed 
through  a  heater  same  as  pump. 

6th.  It  will  raise  water  as  high  as  any  other  make, 
and  can  be  regulated  to  supply  more  or  less  water  as 
the  case  requires. 

7th.  Will  lift  and  work  water  as  hot  as  any  other 
injector. 

Non-Siidion  Injector  ^^AP 

This  injector,  Fig.  72,  is  used  where  the  supply  is 
received  from  a  pressure,  such  as  street  mains^ 
reservoirs,  etc. 
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Method  of  Connecting. 
It  should  be  placed  in  a  horizontal  position,  and 
lower  than  the  tank,  if  water  is  taken  from  such,  so 
it  will  receive  a  full  supply.  All  pipes  should 
be  of  the  same  internal  diameter,  to  correspond  with 
the  injector  coupling.  Attach  the  steam  pipe  to 
highest  part  of  boiler,  and  as  short  as  possible,  to 
obtain  dry  steam;  but  in  no  case  make  attachments 


Pig.  72. — Non-SactioD  Injector  "A." 
to  pipes  supplying  an  engine,  ])UDnp,  etc.,  as  it  causes 
a  variation  in  the  steam  pressure.  Place  an  ordinary 
globe  valve  on  steam  pijw,  a  valve  or  water  cock 
on  water-pipe.  (There  is  no  necessity  for  an  extra 
check  valve  on  feed  pipe  near  the  injector,  as  there  is 
one  in  the  swivel  marked  to  boiler.) 

Use  no  washers  or  packing,  as  all  joints  are  ground. 
Be  particular,  and  remove  all  scale,  cuttings  and  dirt 
from  pipes,  and  see  they  are  in  perfect  working  order 
before  connecting. 
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Method  of  Working  Class  "J./^ 

First.  Open  the  steam  valve  to  leave  out  any  con- 
densed steam  there  may  be  in  the  pipe,  and  close  it 
again.  Then  open  the  water  cock,  then  the  steam 
valve,  and  move  the  plug  B  slowly  forward  with  the 
handle  fc,  until  the  water  ceases  at  the  overflow.  If, 
while  the  injector  is  working,  water  should  escape 
from  the  overflow,  move  the  plug  forward  to  reduce 
the  supply  of  water.  If  steam  escapes,  move  the 
plug  backward,  to  give  it  more  water.  When  the 
lever  b  is  set  so  the  injector  works  perfectly  dry,  if 
you  wish  to  stop  feeding,  close  first  the  steam  valve, 
then  the  water  cock. 

It  is  not  necessary  to  disturb  the  lever  6. 

When  wishing  to  feed  again,  the  injector  is  put  in 

operation  by  simply  opening  the  water  cock,  then 

the  steam  valve.     The  lever  is  used  to  regulate  the 

steam  and  water,  and  the  necessity  of  using  it  will  be 

shown  at  the  overflow.     If  the  lever  b   moves  too 

loosely,  tighten   the  nut  upon  spindle  C;  if  too  stilf, 

loosen  it.     This  injector  will  force  water  through  a 

heater. 

The  Suction  Injectoi*  *^BJ' 

This  class.  Fig.   73,  is  applied  where  there  is  no 

pressure  or  head  of  water.     For  instance,  when  the 

feed-water  is  taken  from  a  low  cistern,  river,  pond^ 

etc. 

Method  of  Connecting. 

Place  the  injector   in   a  horizontal  position,  and 
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great  care  should  be  taken  to  have  all  juinls  air-tight; 
and  it  is  itest  to  pluce  a  piece  of  wire-cloth  on  the 
bottom  of  the  water-supply  pij>e,  to  prevent  floating 
particles  from  entering  the  injector.  The  jet  D,  used 
in  this  injector,  serves  to  create  the  vacuum,  and 
assists  in  carrying  the  water  into  the  boiler;  it  being 
stationary,  is  always  in  projwr  position  to  produce  a 
vacuum;  and  the  steam  necessary  to  carry  the  water 
into  the   boiler  is  simply  obtained  by  moving  the 


Fig.  73.— The  Suction  Injector  "  B." 
pluff  b,  without  aflw;ting  the  position  or  operation  of 
the  jet.  All  pipes  should  be  of  the  same  internal 
diameter;  attach  the  steam  pipe  to  the  highest  part 
of  the  boiler,  as  in  class  "A;"  place  an  onlinary 
globe  valve  upon  steam  pipe ;  no  valve  or  cock  u[H>n 
the  water-supply  pi|>e ;  aee  that  all  scale,  cutting:^  or 
dirt  are  removed,  and  the  pipes  are  in  proper  work- 
ing order,  and  there  is  no  dirt  ujwn  the  plug  B,  or 
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disk  of  jet  D,  to  prevent  the  propet*  closing  of  the 
perforations. 

Method  of  working  Lifting  Injector  "5." 

Open  the  steam  valve  to  remove  the  condensed 
steam ;  then  close  it  again ;  move,  the  plug  B  back 
tight  against  the  disk  of  the  jet  D ;  then  open  the 
steam  valve,  and  when  water  appears  at  the  over- 
flow, move  the  plug  slowly  forward  until  it  ceases  to 
flow.     These  injectors  will  lift  according  to  their  size. 

Priedmann's  Injectors. 

Foremost  amongst  the  distinguishing  features  of 
these  injectors  is  the  intermediate  nozzle,  by  which 
the  water  supply  is  conducted  in  two  annular  streams 
to  the  condensing  chamber  of  the  injector,  where  the 
steam  jet  is  subjected  to  the  action  of  both  at  separate 
points.  The  result  of  this  double  action  is  the  com- 
plete and  effectual  condensation  of  the  steam  jet,  and 
the  transfer  without  loss  of  all  its.  inherent  power 
and  velocity  to  the  water,  now  united  in  one  column, 
and  making  its  way  with  irresistible  force  and  pro- 
jection into  the  boiler. 

The  first  stream  also  becomes  a  motor  of  the  second, 
and  carries  it  along  without  further  expense  of  steam; 
this  explains  the  marked  difference  in  the  quantity 
of  steam  needed  to  work  these  injectors  in  comparison 
with  others. 

Nearly  all  the  other  makes  of  injectors  now  before 
the  public  have  but  one  waterway;  in  consequence 
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of  which,  the  water-supply  reaches  the  steam  jet  in'  a 
whole,  unbroken  mass,  and  coming  in  contact  with 
tills  large  body  of  water,  the  momentum  of  the  steam 
jet  is  checked  to  a  great  extent  and  often  only 
partially  condensed,  expands  in  the  mass  of  water  after 
■passing  the  receiving  nozzle;  this  breaks  and  con- 
fuses the  column  seeking  to  penetrate  the  boiler,  and 
is  the  cause  of  much  trouble  and  annoyance. 

The  Friedmann  Injector,  on  the  contrary,  with  the 
double  waterway,  before  described,  with  fixed  nozzles, 
and  no  movable  parts,  to  get  out  of  order,  and  having 
no  cam  motion,  no  diding  or  rolling  leoers,  and  no 
ground  joints  or  packing  to  require  frequent  adjust- 
ment, delivers  the  wat«r  with  a  steady,  uninterrupted 


Fig.  74.— Friedmaon's  Llltlag  Fig.  76.— Frledmann's 

Injector.  Non-Lifting  Injector. 
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stream  that  no  amount  of  jarring  or  disturbing  in- 
fluences can  break  or  confuse,  while  the  water-supply 
lasts,  or  steam  is  kept  up. 

These  injectors  are  non-lifting  and  lifting,  as  shown 
in  the  Figures  74  and  75. 

Special  attention  fs  called  to  the  important  fact  that 
by  a  recent  improvement  in  the  lifting  injectors  with- 
out increasing  their  cost  or  impairing  their  capacity 
to  supply  the  boiler,  they  are  enabled  to  lift  water 
from  the  unprecedented  depth  of  25  to  28  feet  if 
required. 

Every  injector  is  suppliexl  with  an  overflow  valve, 
which  prevents  air  or  dirt  from  entering  the  boiler. 

Method  of  Working  Lifting  Injector. 

Be  sure  the  water  valve  or  cock  W  is  open  ;   then 

1st.  Open  the  small  jet  valve  J,  with  low  pressure 
full,  with  high  pressure  partly,  until  the  water  flows 
out  of  the  overflow  at  O. 

2d.  As  soon  as  the  water  appears  at  the  overflow, 
open  the  main  steam  valve  S  gradually,  and  close 
the  small  jet  valve. 

Should  water  still  be  discharged  from  the  over- 
flow, as  may  be  the  case  where  the  steam  pressure  is 
low,  reduce  gradually  the  water-supply  by  the  valve 
W  until  the  discharge  ceases. 

To  stop,  close  the  main  steam  valve.  This  injector 
may  also  be  used  as  a  non-lifting  where  a  head  of 
water  is  available.  While  the  injector  is  inactive  the 
steam  valve  should  be  kept  closed. 
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Method  of  Working  NoTv-Lifting  Injector. 

To  start,  1st.  Open  the  steam  valve  S  a  little  to. 
let  the  condensed  water  in  steam  pipe  out  through 
the  overflow  O,  and  shut  again  as  soon  as  clear  steam 
appears. 

2d.  Open  the  water  valve  W. 

3d.  Open  the  steam  valve  S  slowly,  and  the  in- 
jector is  working. 

Sliould  any  water  waste  out  of  the  overflow  after 
the  injector  has  started,  reduce  gradually  the  water- 
supply  by  the  valve  W  until  the  discharge  ceases. 

To  stop,  close  the  steam  valve  S  and  the  water 
valve  W  in  the  above-named  order.  Maximum 
temperature  of  water  which  the  injector  will  feed, 
140  degrees.  The  injector  being  ^t  rest,  the  water 
valve  W  and  the  steam  valve  S  should  be  kept 
closed. 

General  Instructions  for  Attaching  Injectors. 

1st.  All  the  pipes,  valves,  and  fittings  must  be  of 
the  full  size  to  correspond  with  the  number  of  the 
Injector,  as  laid  down  in  the  table  of  capacities  in 
the  maker's  catalogue ;  except  when  the  water  has  to  be 
draughted  from  a  longer  distance  than  ordinary,  the 
suction  pipe  should  be  a  size  or  more  larger  than  the 
injector  fittings  call  for. 

2d.  All  joints  and  connections  must  be  perfectly 
air-tight. 

3d.  A  strainer  should  be  fixed  on  the  end  of  the 
water-supply  pipe  to  prevent  the  admission  to  the 
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injector  of  foreign  matter,  such  as  chips,  shavings, 
weeds  and  such  like. 

4th.  A  globe  valve  or  steam  cock  is  necessary  on 
the  steam  supply  pipe,  between  the  boiler  and  injector, 
and  a  check  valve  and  stop  cock  on  the  delivery  pipe 
between  the  injector  and  boiler. 

It  is  very  necessary  that  the  connections  should 
have  as  few  bends  as  possible  and  that  the  pipes 
invariably  be  round. 

5th.  That  all  pipes  and  connections  must  be  blown 
out  clean.  This  is  of  vital  importance,  as  dirt  and 
pipe  cuttings  cause  nine-tenths  of  the  leakage  of  new 
valves.  The  steam  for  the  injector  should  be  taken 
from  the  dome  or  top  of  the  boiler. 


CHAPTER  VIII. 

STEAM-ENGINE  GOVERNORS. 

For  the  complete  regulation  of  an  engine  two 
things  are  necessary :  first,  a  fly-wheel  or  heavy 
rotating  body  possessing  inertia;  and,  secondly,  a 
governor.  The  fly-wheel  constitutes  the  most  im- 
portant and  primary  step  towards  the  obtaining  of 
uniform  rotatory  motion.  It  is  a  heavy  wheel  of 
cast-iron,  with  a  massive  rira,  which  becomes,  as  it 
were,  a  storehouse  into  which  energy  may  be  poured 
unequally  during  the  passage  of  the  piston  from  end 
to  end  of  the  cylinder,  but  from  which  it  may  be 
drawn  out  uniformly  during  the  operation  of  driv- 
ing the  machinery.  The  object  of  the  fly-wheel  is  to 
equalize  the  action  of  the  force  transmitted  from  the 
piston  to  the  crank  pin,  and  to  confine  any  inequality 
within  narrow  limits  of  variation.  But  the  fly-whee! 
alone  is  not  sufficient  for  the  purpose,  since  it  is  not 
only  necessary  to  obtain  a  general  uniformity  of  mo- 
tion under  the  varying  pressure  of  steam  in  the 
cylinder,  but  some  method  of  adjusting  the  supply 
of  steam  itself  is  also  required,  whereby  more  power 
may  be  exerted  when  the  resistance  outside  the  engine 
increases,  and  less  when  the  contrary  happens. 

(264) 
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Tke  Regulation  of  an  Engine, 
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It  IS  with  this  latter  object  in  view  that  the  pen- 
dulum governor  was  invented.  That  instrument 
consists  of  a  pair  of  heavy  balls  suspended  from  arms 
centred  at  or  near  a  vertical  axis  and  caused  to  rotate 
by  the  engine.  If  the  power  of  the  steam  be  in 
excess,  the  fly-wheel  accelerates  ite  motion,  the  balls 
fly  outwards  and  move  the  lever  of  a  throttle  valve, 
so  as  to  diminish  the  supply  of  steam ;  whereas^  if 


IT,'.  7G. 

the  power  of  the  steam  be  in  defe<jt,  the  balls  collapse 
and  the  throttle  valve  opens  more  widely.  The 
apparatus  is  called  a  pendulum  governor,  because  the 
time  of  a  revolution  is  affected  by  the  length  of  the 
axis  of  the  cone  formed  during  the  rotation,  in  a 
manner  analogous  to.that  in  which  the  time  of  ascil- 

23 
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lation  of  an  ordinaiy  pendalam  is  alfectcd  hv  A^ 
length  of  the  pendulum  itmL 

1.  The  oonimoa  method  of  oonstmcting  the  gov*^ 
emor  has  been  that  shown  in  Fig.  76.  The  balls 
are  suspended  at  the  points  C  and  C,  a  little  on  either 
side  of  the  central  vertical  spindle  A  A.  Each  arm, 
as  M  M,  is  connected  by  a  link  to  a  sliding  block  N 
N.  As  the  rate  of  rotation  increases  the  balls  fly  out, 
N  N  rises,  and  in  doing  so  actuates  a  lever  which 
controls  a  steam  valve  and  diminishes  the  supply  of 
steam. 

The  efiect  of  placing  C  and  C  at  a  little  distance 
from  the  axis  is  to  cause  the  variation  in  the  height 
of  the  cone  to  become  greater  for  any  given  rise  of  the 
balls,  and  thereby  to  render  the  governor  less  sensi- 
tive. The  many  defects  of  the  governor  just  described 
have  led  to  the  invention  and  adoption  of  a  number 
of  improved  types,  some  of  which  we  will  now  illus- 
trate and  describe. 

The  Pickering  Spring  Governor. 

When  it  becomes  necessary  to  obtain  results  by  the 
aid  of  mechanical  a;)pliances,  that  device  which  is 
the  most  simple  in  construction,  most  direct  in  its 
application  and  action,  and  most  durable  and  oco- 
nomical  in  effect,  is  the  most  desirable  one  to  secure. 

The  necessity  for  simplicity  and  direct  action  is 
nowhere  more  apparent  than  in  the  construction  and 
uppli(*ation  of  the  governor  to  the  steam-engine;  as, 
when,  from  usual  or  unusual  causes,  a  variation  is 
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taking  place  in  the  amount  of  work  being  done,  that 
governor  which  will  the  soonest  adjust  the  steam 
valve  to  the  new  requirement  will  certainly  be  the 
one  to  keep  the  engine  more  nearly  uniform  in  speed; 
thus  reducing  the  total  amount  of  steam  needed, 
requiring  less  fuel,  and  insuring  econoniy. 

It  U  claiine'd  that  the  extreme  sensitiveness  of  the 
"Pickering"  Governor — Fig.  77 — with  its  great 
available  centripetal  force,  causes  it  to  fulfil  the 
foregoing  requirements.  The  reason  of  this  is  that 
the  principles  involved  in  its  action  are  such  that  a 
mechanical  movement  is  obtained  without  a  joint, 
thus  dispensing  entirely  with  friction. 

Another  equally  important  arrangement  is  the 
combination  of  the  balls  and  springs  in  such  a  man- 
ner that  the  comparatively  slow  movement  produced 
by  gravitation  is  entirely  ignored,  and  in  its  stead  the 
quick  and  sensitive  action  of  simple  but  finely  ad- 
justed steel  springs  is  obtained. 

In  order  to  fully  appreciate  this  extreme  sensi- 
tiveness, it  is  only  necessary  to  attempt  to  maintain 
the  tension  of  an  ordinary  "jig"  saw  by  means  of 
gravitation,  say,  a  weight  attached  to  a  cord  running 
over  pulleys. 

The  law  of  gravitation  is  so  completely  ignored  in 
the  construction  of  this  governor,  that  it  will  work 
equally  well  in  either  a  vertical,  inclined,  horizontal, 
or  inverted  position. 

The  required  centripetal  force  being  entirely  due 
to  the  tension  of  the  springs,  the  valve  is  not  carried 


1 
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past  the  desired  point  by  the  momentum  of  heavy 
balls,  as  is  the  case  when  sudden  variations  take  place 
in  the  amount  of  work  being  done  by  an  engine 
supplied  with  the  M  style  of  governor. 

All  parts  are  made  interchangeable,  so  that  in  case 
of  accident  parts  may  be  sent  by  mail  or  express,  with 
a  certainty  of  their  being  correct. 

After  years  of  experience  with  various  kinds  of 
valves,  the  **  balanced  puppet"  style  has  again  been 
adopted  as  that  which  insures  the  most  perfect 
equilibrium  under  varying  pressures.  As  this  kind 
of  valve  does  not  enter  the  seats,  the  troublesome 
effect  of  "sticking  " — caused  by  unequal  expansion — 
is  avoided;  and  the  valves  and  seats  being  made  of 
special  steam-metal,  corrosion  is  entirely  obviated; 
as  is  also  the  cutting  effect  so  generally  complained 
of  as  being  produced  by  the  current  of  steam  when 
iron  valves  and  seats  are  used. 

It  is  often  found  desirable  to  change  the  working 
speed  of  an  engine,  even  while  in  motion.  A  lever 
with  movable  weight  is  still  applied  by  some  governor 
makers  for  increasing  resistance  to  the  centrifugal 
exertion  of  the  revolving  balls.  Now,  this  weight 
being  actuated  solely  by  gravitation,  is  guilty  of  the 
same  objectionable  sluggishness  of  action  witli  which 
the  heavy  balls  are  charged ;  in  fact,  an  otherwise 
sensitive  governor  would  be  injured  by  such  a 
"  hanger  on." 

In  combination  with  the  Pickering  governor,  the 
tension  of  a  spiral  spring  is  utilized  for  varying  the 
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resistance  to  the  centrifugal  force  of  the  balls;  the 
tension  being  adjusted  by  means  of  a  worm  and 
worm-wheel,  wliioh  may  be  manipulated  while  the 
engine  is  in  moHoriy  thus  adjusting  the  speed  accord- 
ing to  the  requirements. 

The  application  of  a  simple  device  for  detaching 
the  valve  from  the  governor,  and  allowing  it  to  close 
so  as  to  stop  the  engine  in  case  the  governor  belt 
breaks,  is  an  additional  feature  of  security  where  an 
engine  is  in  charge  of  a  person  careless  enough  to 
allow  the  belt  to  get  out  of  order.  As  the  driving- 
belt  holds  up  by  means  of  an  idler  pulley — tripping 
device — it  cannot  act  except  the  belt  breaks.  This 
arrangement  is  very  eflfective,  but  unnecessary  M^here 
ordinary  attention  is  given  to  the  care  of  belts; 
a  good  belt  well  cared  for  will  not  break,  and 
if  flanged  puHeys  are  used,  the  belt  will  not  run 
off. 

Previous  to  the  recent  improvements,  this  governor 
was  well  known  among  engineers  in  this  country  and 
in  Europe,  and  we  are  informed  is  now  making  more 
friends  than  ever.  Its  introduction  abroad  is  largely 
due  to  its  exhibition  at  International  Exhibitions. 
Specimens  of  it  are  to  be  found  at  most  of  the 
technical  institutes  of  Europe,  and  the  International 
Juries  at  Paris,  1867 ;  Vienna,  1873 ;  Philadelphia, 
1876,  and  again  at  Paris  in  1878,  awarded  this 
governor  well-deserved  recognition.  Large  numbers 
are  in  use  in  Great  Britain  ;  the  well-known  engi- 
neering firm,  Joseph  Evans  &  Sons,  of  Wolverhampton^ 
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being  the  agents.     It  is  manufactured  at  Portland, 
Coiiiiecliciit,  by  T.  K.  Pickering  &  Co. 


The  Wateis  Engine  Oovemor.     (Fig.  78.) 

A  noiitx-jble  feature  of  this  governor  is  that  it 
can  be  run  in  any  position,  vertical,  inverted  or 
horizontal. 

The  governor  is  snppnrted  on  a  trame  of  novel 
design,  which  also  doses  the  o|)ening  in  ii|i[>er  end 
of  valve  chamber.     The  ^uliar  shape  of  this  frame 


Fig.  78. 

admits  of  every  access  to  stuffing-box,  bolts,  etc., 
even  in  the  smallest  sizes.  Into  this  frame  is  fastened 
by  a  set  screw  a  stu«l,  which  supports  the  casting 
composing  the  governor  proper,  and  which  is  made  to 
revolve  around  the  stud.  This  casting  is  provided  at 
the  top  with  proper  ears  to  receive  the  joints  of  the 
arms  which  revolve  with  it;  also,  at  the  lower  end 
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With  two  projections,  to  which  is  bohed  one  end  of 
a  steel  spring.  The  free  end  of  this  spring  is  formed 
into  a  slot,  and  also  of  such  shape  as  to  receive  the 
ball  which  is  secured  to. the  spring  by  boks.  One 
end  of  the  arm  is  formed  into  a  small  ball  and  fits 
loosely  into  the  slot  of  the  spring.  The  other  end 
of  the  arm  carries  a  piece  of  hardened  steel,  which 
works  in  a  grooved  composition  collar,  fitted  to  move 
up  and  down  in  the  central  stud.  The  valve  stem  is 
screwed  tlirough  this  collar  and  communicates  motion 
directly  to  the  valve,  the  balls  being  supported  and 
rotated  by  the  springs.  All  friction  is  taken  off  the 
joints  of  the  arms,  and  the  balls  do  not  rise  and  fall 
by  the  rotation  of  the  arm  around  its  pivot,  the  slot 
in  spring  condpensating  for  all  difference  in  motion. 
The  end  of  the  valve  stem  is  extended  through  the 
top  of  the  composition  collar  and  furnished  with  a 
handle  with  which  to  turn  it,  and  a  check-nut  to  hold 
it  in  place.  Screwing  this  stem  down  causes  the 
engine  to  run  slower.  Screwing  it  up  causes  it  to  run 
faster.  The  check-nut  holds  it  wherever  wanted. 
The  bearing  of  the  horizontal  shaft  is  bolted  to  the 
frame,  and  if  broken  off  by  accident  can  be  easily 
and  cheaply  replaced,  without  damage  to  other  parts 
of  the  governor.  All  running  surfaces  are  furnished 
with  brass  and  steel  washers. 

It  is  claimed  that  no  other  engine  governor  has 
ever  met  with  greater  success  or  given  more  uni- 
versal satisfaction  in  the  same  length  of  time  than  the 
"  Waters."  The  company's  sales  have  compelled  them 
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t<>  greatly  increase  their  facilities  for  manufacturings  so 
that  they  are  now  able  to  fill  all  orders  promptly. 
As  they  build  governors  and  stop-valves  only,  and 
their  machinery  is  specially  adapted  for  that  work, 
they  are  able  to  guarantee  the  best  workmanship. 
All  parts  are  made  in  duplicate  and  are  inter- 
changeable. The  construction  of  this  governor  frees 
the  joints  of  the  arms  from  all  friction  and  weight 
of  the  balls;  the  balls  always  revolve  in  the  same 
plane  without  rising  or  falling,  being  supported  by 
the  springs,  which  replace  the  usual  force  of  gravity. 
Its  adjustable  speed,  which  admits  of  the  widest  range 
of  variation,  is  claimed  to  be  su|)erior  to  any  other  for 
close  regulation,  as  a  change  of  speed  briffgs  no  extra 
resistance  over  the  balls,  and  is  not  an  extra  charge 
as  in  the  case  of  others.  Having  a  valve  of  larger 
area  than  any  other  governor,  light  balls,  springs  and 
a  medium  high  speed,  it  attains  the  highest  degree  of 
economy  and  closest  regulation  ;  and  being  extremely 
quick  in  its  action,  it  is  especially  adapted  to  saw 
mills,  rolling  mills  and  flouring  mills. 

Edward  Dewey  &  Co.,  successors  to  Chas.  Waters 
&  Co.,  Boston,  Mass.,  are  the  makers. 

The   Chase   Elemental   Steam    Governor, 

As  manufactured  by  the  Chase  Machine  Company, 
Boston,  Mass.,  was  so  named  because  the  inventor 
aimed  to  produce  a  governor  which,  discarding  all  . 

superfluous  appendages,  should  apply  elemental  prin-  I 

dples  in  the  most  simple  and  direct  manner.     Tlie 
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centrifugal  principle,  like  any  other  natural  law,  is 
absolutely  invariable,  and,  provided  it  be  not  hamp- 
ered by  any  clogging  accessories,  is  perfectly  suited 
to  the  requirements  of  a  steam  governor.  All  gov- 
ernors, centrifugal  or  otherwise,  work  on  the  principle 
of  two  opposing  forces  nearly  balancing  each  other, 
and  only  a  slight  and  feeble  preponderance  of  power 
one  way  or  the  other  to  move  the  governor  valve. 
The  force  available  for  the  desired  purpose  being 
thus  small  though  sure,  it  was  reasoned  that  the  best 
results  could  be  obtained  only  by  applying  it  to  the 
valve  directly,  instead  of  through  a  train  of  jointed 
arms,  swivels,  valve-stems,  etc.  The  chief  things  to 
hinder  the.  accurate  working  of  the  governor  being 
friction  and  lost  motion,  it  is  evident  that  these  may 
be  best  avoided  by  dispensing  with  all  go-betweens, 
and  applying  the  moving  power  directly  to  the  thing 
to  be  moved.  An  ordinary  scale  beam,  consisting 
merely  of  a  rigid  bar  with  three  nicely  adjusted 
knife-edge  bearings,  is  the  perfection  of  accuracy, 
chiefly  because  it  is  the  perfection  of  simplicity,  and 
the  steam  governor,  which  resembles  very  closely  the 
weighing  scale,  both  in  its  working  conditions  and  in 
its  requirements,  should  realize  as  nearly  as  possible 
the  same  elemental  simplicity.  The  Chase  governor 
takes  a  short  cut  to  these  advantages  by  so  arranging 
the  governor  valves  that  they  themselves  revolve 
about  an  axis,  and  are  actuated  immediately  by  the 
centrifugal  force  and  the  force  of  the  spring,  without 
the  intervention  of  steam   packed  valve-stems,  etc. 
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A  new  departure  so  radical  necessitated  the  gradual 
working  out  of  many  details  of  practical  construetiori 
alxiiit  wliich  there  was  no  previous  experience  for  a 
guide;  but  the  correctness  of  the  central  principle 
proclaimed  itself  so  Uumistakably  from  the  very  out- 
set, aa  to  warrant  much  subsequent  study  in  perfecting 
the  details.     It  is  now  confidently  believed  that,  as 


Fig.  79. 

at  present  made,  the  simple  theory  of  the  machine  is 
aptly  matched  by  a  common-sense  simplicity  of  con- 
struction which  will  meet  the  approval  of  all  intelli- 
gent critics. 

Qm^i-uctioii  and  Operation. 

Fig.  79  gives  an  exterior  view  of  the   machine, 

elinwing  simply  a  cylindrical  case  with  one  removable 
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bead,  from  tlie  middle  of  which  projects  a  bearing  to 
supjwrt  the  shaft  for  driving  the  governing  mechnn- 
ism  inside.  The  a<\jiistable  screw-cap  on  the  end  of 
the  bearing  is  for  taking  iip  the  end  play  of  tlie  shafl. 
The  gap  in  the  bracket  close  to  the  cover  contains  a 
simple  anil  convenient  stuffing  box  The  square 
headed  plug  in  the  case  is  to  be  removed  wlien  neces- 
sary to  adjust  the  speed.  The  inlet  of  the  steam  is 
on  the  side  of  the  case  opposite  the  driving  shaft,  and 
the  outlet  tor  the  same  at  the  bottom. 


Fig.  80.— Ports  of  llie  governor        Fig,  81.— Sliowa  the  same  pai- 
entirely  iijwn.  tJBlly   closed. 

The  internal  governing  mechunism  is  shown  in  the 
three  figures,  80,  81  and  82. 

Fig.  82  is  a  view  of  the  separate  parts  grouped 
together  in  their  natural  relative  positions,  and  shows 
that  this,  the  im|>ortant  part  of  the  macltiuc,  consists 
of  four  principal  ))ieces,  viz.:  a  hollow  revolving 
casting  called  a  "flyer,"  a  pair  of  centrifugal  valves 
attached  thereto,  and  a  C  spring. 

The  flyer  is  a  chambered  casting  of  irregular  shape, 
into  which  the  steam   passes  directly  from  the  inlet 
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of  the  case.  It  is  attached  to  and  i-evolves  with  the 
driving  ahnft.  It  has  two  hollow  arms  in  which, 
near  their  outer  ends,  are  fopmed  the  governor  [wrts, 
four  in  number,  or  two  pairs.  It  also  has  two  horna 
or  projections  to  which  the  valves  are  pivoted. 

The  valves  are  two  solid,  box-shaped  pieces  of 
casting,  each  one  having  two  plain  Interior  faces 
opposite  each  other  (balanced  slide  valves  in  fact), 
and  they  fit  over  the  hollow  arms  in  such  a  way  that, 


as  they  swing  on  their  pivots,  they  cover  or  ancover 
the  ports.  It  will  be  seen  that  these  valves  are 
"balanced"  in  a  common  sense  way  that  is  beyond 
dispute,  and  are  entirely  free  fi-oin  the  uncertain 
action  of  double  seated  piston  valves,  most  of  which 
arc  affected  more  or  less  by  the  pressure  and  current 
of  the  steam.  The  valves  are  so  hnng  as  to  get 
the  best  effect  from  the  centrifugal  force,  which, 
as  they  revolve,  throws  them  outward  so  as  to 
cover  the  ports  in  the  £yer.     Also,  the  two  valves 
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are  connected  by  a  knuckle  joint  so  as  to  move 
together. 

The  edges  of  the  valves,  where  they  close  the  ports 
in  the  flyer,  and  the  ports  themselves  are  lined  with 
hard  composition  metal,  to  resist  steam  cut. 

The  spring  which  draws  the  valves  together,  in 
opposition  to  the  centrifugal  force,  is  simply  a  broad 
strip  of  tempered  steel  of  semi-circular  or  C  shape. 
The  matter  of  spring  for  this  governor  was  a  diffi^ 
cult  one,  both  as  to  material  and  form,  on  account  of 
the  singular  lack  of  positive  knowledge  among 
experts  as  to  the  capability  of  springs  to  resist  steam 
heat  without  losing  their  elasticity  or  tenacity. 
Good  authority  recommended  German  silver  as  tl;o 
only  metal  that  would  stand  the  necessary  usage,  and 
this  did  suflBciently  well  as  to  the  elasticity,  but  was 
treacherous  as  to  breakage,  especially  in  the  larger 
sizes.  Hence  recourse  was  had  to  tem})ered  steel,  and 
long  experience  has  now  proved  this  material  to  be 
the  best  for  springs,  whether  in  steam  or  out  of  it. 
Steel  springs  retain  their  elasticity  perfectly  in  steam, 
and  are  less  liable  to  break  in  that  condition  than 
otherwise.  Moreover  this  C  spring,  embracing  as  it 
does  the  outside  of  the  flyer  and  valves,  is  of  such 
proportions  in  comparison  with  its  duty,  as  to  put 
breakage  out  of  the  question. 

In  connection  with  the  C  spring  is  a  device  for 

changing  the  speed.     The  spring  is  attached  to  the 

valves  by  means  of  holes  near  its  ends,  which  fit  over 

the  heads  of  screw  studs  in  the  valves,  so  that  by 
24 
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turning  the  screws  outward  (with  a  screw  driver)  tha 
spring  is  tightened  and  the  speed  increased,  and  vice 
versa.  A  screw-plug  in  the  case  is  removed  to  reach 
the  adjusting  screws.  This  method  is  sufiBciently 
convenient  for  all  practical  purposes,  being  a  matter 
of  a  few  minutes  when  the  engine  is  stopped ;  and 
is  sufficiently  inconvenient  to  prevent  constant  and 
needless  tampering  with  the  speed  while  the  engine 
is  in  motion. 

An  important  improvement  has  been  made  in  the 
manner  of  transmitting  the  steam  into  the  revolving 
flyer  without  leakage.  The  inlet  in  the  middle  of 
the  flyer  is  surrounded  by  a  slightly  raised  rim  or 
hub,  as  seen  in  the  cuts.  This  hub  abuts  against  and 
runs  in  contact  with  a  corresponding  stationary  bub 
projecting  from  the  interior  of  the  case,  and  the  con-^ 
tact  of  the  two  hubs  is  regulated  by  an  adjustable 
thrust  bearing  on  the  shaft  outside.  The  steam  pressure 
tends  to  separate  the  two  bearing  surfaces,  thus  avoid- 
ing the  friction  and  wear  of  the  packing-ring  formerly 
used.  Consequently  the  machine  runs  much  easier 
than  before,  and  any  possible  leakage  from  wear. 
is  under  perfect  control. 

Some  of  the  theoretical  advantages  at  which  the 
Chase  governor  aims,  and  which  the  severest  tests 
are  claimed  to  have  amply  established,  are  as  follows : 

1st.  There  is  no  valve-stem,  with  its  attendant 
friction  of  steam  packing.  People  who  think  this  of 
no  consequence  forget  that  the  actual  valve-moving 
power  of  a  governor  is  as  slight  as  that  of  a  scaler 
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beam  in  equiHbr-um,  or  the  pendulum  of  a  clock. 
How  would  these  latter  machines  work  with  a  stuff- 
ing-box attachment?  Moreover  all  valve-stems  were 
smaller  where  they  worked  in  the  packing,  and  con- 
sequently bring  up  against  a  shoulder  and  go  hard 
just  as  the  valve  closes,  the  very  place  where  they 
ought  to  go  the  easiest. 

2d.  Another  unavoidable  diflBculty  with  the  valve- 
stem  is  the  unbalanced  steam  pressure,  which  tends  to 
force  it  out  of  the  valve-chamber  in  opposition  to  the 
action  of  the  governor  balls,  thus  putting  upon  the 
latter  an  uncertain  and  variable  duty.  Besides  this, 
all  steam -chest  pressure  is  of  an  intermittent,  throb- 
bing character,  owing  to  the  cut-off  action  of  the  slide 
valve,  and  this  throbbing  pressure,  communicated 
through  the  valve-stem  to  the  balls,  accounts  for 
much  of  the  mysterious  churning  and  pumping  in 
governors  otherwise  well-conditioned. 

3d.  In  the  Chase  governor  it  is  claimed  that  there 
can  be  no  lost  motion  or  wear  that  wiH  affect  its 
governing  qualities.  All  superfluous  joints  are 
avoided,  especially  the  troublesome  necessity  of  con- 
necting a  pair  of  revolving  balls  with  a  non-revolving 
valve-stem.  Lost  motion  resulting  from  wear  or 
careless  workmanship  destroys  one  of  the  chief  requi- 
sites of  a  good  governor,  viz. :  its  capability  of 
responding  to  very  slight  changes  in  speed.  The 
Chase  governor,  witli  its  centrifugal  stemless  valves 
smd  spring  attached  directly  thereto,  avoids  the 
whole  difficulty  at  a  single  stride. 
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The  Allen  Governor. 

The  Allen  steam  engine  governor  (Fig.  83)  has 
achieved  considerable  success  in  controlling  and  reg- 
ulating almost  all  kinds  of  link  motion  and  variable 
cut-off  steam-engines,  including  the  Corliss  (to  which 
it  is  specially  adapted),  and  all  other  engines  subject  to 
great  variations.  It  is  claimed  that  every  engine  to 
which  it  is  attached  will  run  with  the  throttle  wide 
o})en.  To  whatever  changes  in  steam  pressure,  or 
changes  however  sudden,  in  power  used,  the  engine 
may  be  subjected,  with  this  governor,  it  should  not 
vary  more  than  one  revolution  as  long  as  there  is 
sufficient  st«am  to  do  the  work. 

This  governor  is  simple  in  construction,  not  liable 
to  get  out  of  order,  permits  the  speed  of  the  engine 
to  be  changed  at  will,  is  neat  in  appearance,  noiseless, 
very  durable,  saves  the  engineer's  time,  saves  fuel, 
and  is  powerful  and  sensitive  in  its  operation. 

The  construction  of  Allen's  governor  is  as  follows: 

Within  a  corrugated  cylinder,  which  has  small 
projecting  ribs  on  its  interior  periphery,  and  which  is 
|>artially  filled  with  oil,  a  paddle-wheel  is  caused  to 
revolve  by  a  spindle  passing  through  one  end  of  the 
cylinder,  driven  by  a  belt  communicating  with  the 
fly-wheel  shaft.  The  tendency  of  the  revolving  pad- 
dle-wheel is  to  cause  the  cylinder  to  move  in  the 
same  direction.  On  the  opposite  side  to  the  revolving 
spindle  is  a  trunnion  or  short  spindle  fixed  to  the 
cylinder,  attached  to  which  is  a  wheel  carrying  a  set 
of  movable  weights  suspended  by  a  chain,  the  speed 
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oi  the  engine  being  regulated  by  the  number  of 
weights.  Attached  to  the  wheel,  and  keyed  on  the 
end  of  a  short  spindle,  is  a  pinion  revolving  with  the 
cylinder,  and  working  in  a  toothed  sector,  the  arm  of 
wliich,  being  fixed  on  the  spindle  of  the  throttle- 
valve,  oj>ens  or  closes  it  as  the  oil  cylinder  moves 
with  the  paddle,  according  to  the  variation  of  load 
tlirown  on  the  engine.     When  used  with  a  variable 


Fig.  83.— The  Allen  Governor, 
eut-~ofP   engine,  the   arm    is  attached  direct   to   the 
cut-off. 

It  will  be  seen  that  the  weights  are  raised  and  low- 
ered in  a  nearly  vertical  line,  and,  unlike  those  of 
some  other  governors,  remain  the  same  at  every  point 
of  their  suspension.  The  high  rate  of  speed  used  acts 
advantageously  in  making  the  governor  very  sensi- 
tive; and,  all  parts  being  Inbriouled,  it  ivorks  with 
the  smallest  amount  of  friction.  The  centrifugal  or 
ball  principle  being  entirely  abiuidoned,  the  movable 
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weights  are  sus|)eiii1c(l  as  easily  at  one  point  as  at 
another,  by  tlie  action  of  the  paddle-wheel  in  the 
oil  cj'liiider. 

The  peculiar  action  of  this  governor,  which  enables 
the  nse  of  a  valve  of  large  area,  thereby  admitting  to 
the  engine  cylinder  the  greatest  possible  l>oilcr  press- 
ure at  each  stroke  of  the  piston,  has  produced  excel- 
lent results  by  being  attached  to  old  engines.  In 
running  an  engine  with  this  governor,  with  high  or 
low  pressnre  of  steam,  and  with  all  variations  of 
power,  the  throttle  is  opened  wide  in  the  morning, 
and  remains  so  until  closed  at  night,  thus  relieving 
the  engineer  from  all  labor  and  care,  except  keeping 
the  engine  oiled,  and  giving  him  a  great  deal  of  time 
for  otlier  duties, 

Allen's   governor   valve    is    constructed    with    a 
double  disc  in  a  tubular  form,  and  is  perfectly  bal- 
anced, there  being  no   spindle,  as  in  the  ordinary 
throttle  valve,  to  interfere  with  its  equilibrium.    The 
valve  is  moved  by  means  of  a  lever,  and  is  opened 
d  closed  by  a  rocking  motion  of  a  steel  spindle, 
lich  is  covered  with  brass,  ensuring  the  greatest 
ssible  durability.     The  Allen  Governor  Co.,  Bos- 
1,  Mass.,  are  the  manufacturers. 


CHAPTER  IX. 

THE  STEAM-ENGINE  INDICATOB. 

The  steam-engine  indicator  is  designed  to  register 
automatically  upon  paper  the  pressure  of  steam  in 
tlie  cylinder  at  every  point  of  the  piston's  stroke. 
The  form  of  the  diagram  thus  drawn  by  it  affords  in- 
formation of  a  variety  of  facts  not  otherwise  readily 
obtained.  It  must  be  remembered,  however,  that  it 
tells  nothing  about  the  causes  which  have  determined 
the  form  of  the  figure  which  is  described ;  the  operator 
concludes  what  these  are  by  a  process  of  reasoning 
based  upon  observation  and  experience  and  some 
given  data ;  errors  are'  here  very  liable  to  be  com- 
mitted, and  the  ability  to  arrive  at  accurate  conclu- 
sions is  of  the  greatest  importance,  and  one  of  the 
highest  attainments  of  an  engineer.  It  is  now  uni- 
versally conceded  that  the  indicator  is  an  invaluable 
appendage  to  the  steam-engine,  and  when  successfully 
applied  and  intelligently  read,  cannot  be  too  highly 
estimated.  The  good  condition  and  economy  of 
every  engine  made  or  sold  ought  to  be  proved  by  the 
indicator  diagram.  In  fact,  no  builders  of  first-class 
engines  consider  their  canvass  complete  without 
showing  a  fac-siraile  of  the  diagram  of  their  engine. 
The  advantage  resulting  from  the  use  of  this  instru- 
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mentj  in  point  of  economy,  safety  and  power,  is  very 
great,  and  is  recognized  by  the  master  mechanics  and 
engineers  throughout  the  country. 

Histofy  of  the  Indicator, 

The  invention  of  the  steam-engine  indicator  (Fig. 
84)  is  accredited  to  James  Watt.     It  has  undergone 


Fig.  84.— Watt's  Indicator. 

various  modifications  and  improvements  since  his 
time.  It  was  at  first  direct-acting,  or,  in  other  words, 
the  pencil  was  attached  directly  to  the  piston-rod, 
and  registered  the  motion  of  the  $jame  without  multi- 
plication, and  was  only  adapted  for  slow-running  en- 
gines. In  this  form  it  attained  its  highest  point  of 
excellence  as  manufactured  by  William  McNaught, 
of  Scotland.     (See  Fig.  85.)     The  adoption  of  in- 
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oreased  velooitiea  of  piston,  with  greater  preasuresof 
steam  and  higlier  grades  of 
expansion,  caused  the  long 
and  tremulous  spring  used 
to  oscillate  violently  by  the 
momentum  of  the  piston 
and  its  connections,  and 
gave  as  a  result  a  serrated 
figure,  from  which  bnt  little 
information  could  be  ex- 
tracted. At  this  time  an 
improved  steam-engine  in- 
dicator WHS  invented  by 
Charles  B.  Richards.  This 
indicat^)r  had  a  short,  strong 
spring,  short  motion  of  pis- 
ton, cond)ined  with  a  lever' 
and  links  fur  multiplying 
the  motion  of  the  piston  and 
transmitting  it  to  the  pencil. 
These  were  the  distinguish- 
ing features,  and  were  de- 
signed to  obviate  the  diffi- 
cnlties  before  mentioned, 
but  it  was  found  still  sub- 
ject to  grave  errors  of  regis- 
tration. The  multiplica- 
tion of  the  motion  of  the 
piston  was  not  uniform  for  Fig.  85. 

nil  portious  of  the  strolce;  the   line  of  motion   of 
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tfie  pencil  was  not  strictly  parallel  with  the  Hoe  of 
mntioii  of  the  pteton,  describing  not  a  straight  linei 
but  only  im  elongated  S.  But  it  was  a  great  stride 
in  the  riglit  direction,  and  answered  in  the  absence  of 
anything  better,  until  the  still  increasing  velocities 
of  piston  outstripped  its  capacity  to  register  without 
serrated  lines.  This  last  fault,  with  its  other  defects, 
made  it  imperative  that  a  more  reliable  instrument 
should  be  made  before  correct  indications  could  be 
procured. 

AfVer  considerable  study  and  experiment,  Mr. 
Crosby  invented  the  improved  parallel  motion  steam- 
engine  indicator,  which  obviates  the  above  difEeultieu 
to  a  great  extent,  and  superiority  is  claimed  for  this 
instrument  for  engines  running  at  any  velocity. 

Description  of  the  Crosby  Indicator.   (Pig.  E6 ) 

The  principle  and  action  of  indicators  are  so  sim- 
ple, aud  to  most  practical  engineers  now  so  well  un- 
derstood, that  it  will  only  be  necessary  to  give  the 
following  cut  and  description  of  the  parts  of  this  in- 
strument to  readily  appreciate  the  advantages  accru- 
ing from  its  use: 

A  is  a  ease  or  jacket  enclosing  a  cylinder,  into 
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bead  of  a  vibratiog  standard  at  D,  and  its  long  end  is 
jointed  to  the  long  lever  E  F  at  the  point  C.  The  long 
arm  of  the  lever  E  F  is  jointed  at  ita  outer  extremity 


Fig.  86.— The  Croaby  Steam -Engine  Indicntor. 
to  a  second  vibrating  standard  at  E,  and  to  tlie  other 
extremity  U  attached  the  pencil  F.     To  the  ease  A  i^ 
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permanently  attached  the  horizontal  plate  G,  at  one 
end  of  which  is  jointed  a  corresponding  plate  H,  sit- 
uated alx)ve  the  former  and  carrying  the  revolving 
drum,  covered  by  the  paper  cylinder  I.  To  this  drum 
is  attached  a  cord,  wound  around  a  groove  at  its 
base  and  carried  by  the  guide  wheel  K,  between  the 
two  extra  guide  wheels  L  and  M ;  the  guide  wheels 
L  and  M  are  attached  to  the  arm  N,  which  swivels 
around  a  point  in  line  with  the  axis  of  guide  wheel 
K,  and  is  held  in  its  proper  position  by  the  thumb- 
nut  O.  The  drum  carrying  the  paper  cylinder  I  is 
rotated  in  one  direction  by  the  tension  on  the  cord, 
and  in  the  reverse  direction  by  the  reaction  of  a 
spring  enclosed  therein  ;  the  tension  upon  this  spring 
may  be  adjusted  to  suit  by  the  thumb-nut  at  the  open 
end  of  the  drum.  The  plate  H,  carrying  the  drum 
and  paper  cylinder,  is  held  away  from  the  pencil  F 
by  a  spring  situated  l)etween  the  plates  H  and  G,  di- 
rectly in  line  with  the  axis  of  the  drum,  until  the 
operator  desires  to  take  a  diagram.  By  pressing 
upon  the  handle  P  the  paper  cylinder  is  moved  for- 
ward, and  thp  pencil  comes  in  contact  with  the  paper. 
Immediately  upon  removing  this  pressure,  the  paper 
cylinder  automatically  assumes  its  former  position. 
Two  adjustable  stops  determine  the  amount  of  this 
motion  and  regulate  the  force  with  which  the  pencil 
presses  upon  the  paper,  a  hair  line  being  attainable 
without  friction.  The  bushing  which  carries  the 
pencil  is  bored  to  receive  a  graphite  or  metallic  wire> 
and  is  supplied  with  means  for  holding  it  in  any  po- 
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^ition  desired.  The  piston-rod  is  bored  at  each  end 
almost  half  its  length,  leaving  a  thin  partition  or 
stop  in  the  centre;  the  upper  chamber  is  used  as  a 
reservoir  for  a  lubricant,  and'  is  provided  with  pin- 
holes close  to  the  partition  to  allow  the  oil  to  flow  out 
and  down,  and  so  lubricate  the  rod  and  piston ;  the 
lower  chamber  allows  the  steam  to  enter  and  warm 
the  lubricant,  causing  it  to  assume  a  more  limpid 
form  and  flow  freely  in  cold  weather.  The  piston- 
rod  is  thus  made  lighter  without  weakening  it  ma- 
terially. A  minute  portion  of  felt  placed  at  the  bot- 
tom of  the  reservoir  will  prevent  the  oil  from  flowing 
too  readily.  It  can  be  filled  at  the  cross-head  with  a 
few  drops  of  oil,  by  using  a  common  pressure-oiler 
with  a  very  small  nozzle.  To  adjust  the  pencil  to 
the  proper  position  for  springs  of  different  scales,  the 
head  of  the  piston-rod  is  provided  with  a  screw- 
threaded  sleeve  and  lock-nut,  by  means  of  which  the 
pencil  may  l)e  made  to  assume  any  desired  height. 
If  it  is  wished,  the  guide  wheels,  etc.,  may  be  removed 
to  the  opposite  end  of  the  plates  H  and  G.  The  use 
of  a  revolving  drum  for  transmitting  motion  to  the 
paper  having  been  demonstrated  to  be  the  best  means 
for  the  purpose,  it  has  been  adopted ;  the  only  pre- 
requisites Ijeing  sufficient  strength  of  spring  and  in- 
elasticity of  cord  to  overcome  the  momentum  of  the 
reciprocating  p^rts.  In  any  other  devices,  such  as 
require  a  connecting-rod,  there  is  imparted  to  the 
latter  a  tremulous  and  excessive  motion,  caused  by 
Its  length  and  weight  running  at  high  speed  when 
25 
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connected  with  a  vibrating  arm,  which  is  transmitted 
to  the  lines  of  the  diagram,  thus  producing  error.      r 

The  greatest  degree  of  accuracy  and  excellence  \$ 
maintained  in  the  manufacture  of  this  instrument, 
and  if  properly  connected  and  operated  its  indications 
may  be  relied  upon  implicitly. 

The  advantages  in  using  this  indicator  are  nu- 
merous, and  a  few  of  the  most  obvious  need  only  be 
mentioned. 

1st.  The  motion  of  the  pencil  is  a  uniform  multi- 
plication of  the  piston  motion. 

2d.  The  parallel  motion  is  a  true  parallel  and  not 
a  geometrical  approximation. 

3d.  The  weight  of  the  reciprocating  parts  is  greatly 
reduced. 

4th.  The  parts  which  require  the  most  lubricating, 
viz.,  the  cylinder,  piston  and  rod,  are  automatically 
oiled. 

5th.  The  pencil,  instead  of  projecting  beyond  the 
piston-rod  several  inches,  is  directly  behind  the  piston- 
rod,  only  about  one-quarter  of  an  inch. 

6th.  It  is  more  easily  operated.  With  former 
indicators  it  was  necessary  to  be  an  expert  (to  some 
extent),  with  a  delicate  sense  of  touch,  to  determine 
just  the  proper  force  to  move  the  pencil  against  the 
paper,  so  not  to  tear  it  or  cause  undue  friction.  Now 
in  this  indicator  all  this  is  predetermined,  and  is  so 
nicely  adjusted  that  a  child  can  operate  two  indicators 
— one  on  each  end  of  the  engine  cylinder — simul- 
taneously, without  the  slightest  difficulty,  and  obtain 
hair  lines  without  friction. 
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»  7th.  This  instrument  can  be  used  right  or  left- 
handed,  by  simply  removing  the  guide-wheels,  etc., 
to  the  opposite  end  of  the  plates. 

To  adapt  the  indicator  to  any  pressure,  springs  are 
made  of  the  following  scales : 

Nos.  — 8  12  16  20  24  30   40   50   60  .80  100 
Lbs.— 24  36  48  60  70  90  120  160  180  240  300 

The  number  of  the  spring  represents  the  pounds  per 
square  inch  required  to  compress  it  sufficiently  to 
move  the  pencil  vertically  one  inch  on  the  diagram. 
The  figures  in  the  lower  line  designate  the  maximum 
pressure  of  steam  or  steam  and  vacuum,  whichj 
together  with  space  allowed  at  each-  end  of  stroke  for 
adjustment,  equals  the  whole  distance  which  the 
pencil  can  travel. 

What  can  be  Aaceiinined  by  the  use  of  this  Indicator, 

1st.  Whether  the  steam  passages  from  the  boiler 
to  the  cylinder  are  of  sufiicient  size  to  supply  steam 
in  time  to  produce  the  best  results ;  arid  what  pro- 
portion of  the  boiler  pressure  is  utilized. 

2d.  Whether  the  discharge  passages  from  the  cyl- 
inder are  of  sufficient  size  to  relieve  properly;  and, 
if  not,  how  much  remains  as  counter-pressure. 

3d.  Whether  the  piston  is  properly  fitted ;  or 
allows  steam  to  escape  into  the  exhaust. 

4th.  What  pressure  of  steam  there  is  on  the  piston 
at  every  position  in  the  cylinder;  as  well  as  its 
average. 
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5th,  At  what  point  in  the  stroke,  and  at  what 
pressure  the  steam  is  cot  ofiT;  and  whether  it  is  cut 
off  sharply  or  is  wire-drawn. 

6th.  At  what  pressure  the  steam  is  finally  re< 
leased. 

7th.  How  soon  in  the  stroke  the  highest  pressure 
is  reached;  and  how  well  roaintiuned. 

8th.  The  amount  of  vacuum  acting  upon  the  piston 
of  a  condensing  engine  at  every  point  in  the  stroke ; 
and  its  average. 

9th.  Whether  there  is  any  compression  of  the 
steam  remaining  in  the  cylinder  before  the  stroke 
commences ;  and,  if  so^  where  it  begins  and  how  high 
it  rises. 

10th.  The  actual,  consumption  of  steam  in  giving 
motion  to  the  engine  alone ;  and  also  what  additional 
steam  is  used  in  giving  motion  to  the  shafting  or  the 
machinery  attached. 

'. .  11th.  Where  power  is  sold,  how  much  each  tenant 
ccHis^mes ;  and  in  large  establishments,  where  friction 
of  shafting  and  machinery  forms  a  large  proportion 
of  the  resistance  offered,  it  guides  in  the  selection  of 
proper  lubricants. 

12th.  The  economy  of  using  high  pressure  steam 
and  expansion ;  and  the  relative  eflSciency  of  the 
different  apparatus  for  procuring  expansion. 

13th.  The  quantity  of  water  that  would  under 
given  circumstances  be  most  economically  used  in  the 
condensation  of  the  steam,  if  attached  to  the  air-pump 
of  condensing  engines. 
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14th.  The  accuracy  of  the  steam  gauge  when  ap 
plied  correspondingly. 

15th.  Whether  the  valves  are  properly  adjusted 
and  in  good  condition  or  not. 

The  CroBby  Stevm-EUsine  High  Speed  Indicator. 


This  instrument  (Fig,  87)  is  designed  more  ex- 
pressly for  indicating  engines  of  the  highest  speo<l 
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and  accomplishes  tlie  purpose  fully.  Ev^ry  part  of 
the  instrument  is  reduced  to  the  utmost  extent  com- 
patible with  precision,  and  the  whole  so  arranged  and 
combined  as  to  give  the  most  accurate  results. 

Directions  for  Using  the  Crosby  Irtdicatof. 

itow  to  attach  11. — The  indicator  should  be  con- 
nected as  closely  to  the  cylinder  of  the  engine  as  pos- 
sible, as  pressure  is  lost  by  the  use  of  pipes.  The 
connection  may  be  made  by  drilling  the  cylinder  or 
\\^  heads ;  but  care  should  be  used  in  drilling  the 
cylinder  that  the  piston  does  not  cover  the  hole  when 
at  the  end  of  the  stroke.  By  allowing  a  small 
quantity  of  steam  to  enter  the  cylinder  as  the  drill 
begins  to  go  through,  all  chips  will  be  blown  out. 
No  lead  or  putty  should  be  used  in  making  the  con- 
nections. Keep  clear  of  the  thoroughfares,  as  steam 
passing  the  hole  for  the  connection  reduces  the  press- 
ure in  the  indicator;  screw  the  stop-cock  to  its  place, 
then  open  it  and  blow  steam  through  to  clear  the 
connections,  and  attach  the  indicator  by  means  of  the 
union  nut,  when  in  the  best  position  to  operate ;  move 
the  adjustable  guide  wheels  to  the  best  position  for 
receiving  the  cord,  and  then  connect  the  cord  to  the 
apparatus  for  transmitting  the  motion  from  the  en- 
gine to  the  paper.  Tiie  cord  must  be  connected  with 
some  part  of  the  engine  having  a  movement  co-inci- 
dent with  the  piston,  and  which  would  give  the  pa- 
per cylinder  a  movement  of  about  three-fourths  of  a 
revolution ;  it  will  frequently  be  found  necessary  to 
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^reet  a  temporary  rocker-shaft,  or  lever  connecting 
with  the  cross-head,  for  reducing  the  motion ;  for  a 
beam-engine,  a  poidt  on  the  parallel  bar,  beam,  or 
beam-centre  will  answer.  Beyond  these  suggestions, 
the  ingenuity  and  judgment  of  the  operator  must  de- 
termine what  is  required  to  produce  the  proper  move- 
ment. Care  should  l>e  taken  that  the  cord  be  so  led 
off  from  the  part  which  gives  it  motion  that  when  the 
engine  is  on  half-stroke  it  will  be  at  right  angles  to 
such  part ;  but  between  the  first  pulley  and  the  indi- 
cator it  may  take  any  required  direction.  Use  as  few 
pulleys  and  as  short  a  cord  as  possible.  It  is  also 
necessary  that  the  length  of  the  cord  be  easily  adjusted 


Fig.  88. 

and  readily  connected  and  disconnected.  To  meet 
these  requirements,  one  end  should  be  provided  with 
a  running  loop  and  hook  (see  Fig.  88).  Arrange 
the  motion  of  the  paper  cylinder,  by  means  of  the 
running  loop,  so  that  it  shall  not  be  checked  at  one 
end  of  the  stroke  by  the  stop  fixture,  and  thereby 
slacken  the  cord ;  nor  at  the  other  end  by  the  springs 
for  holding  the  paper  on  the  cylinder,  coming  in  con- 
tact with  the  pencil;  either  of  which  would  render 
the  diagram  useless. 

How  to  take  a  diagram. — Remove  the  paper  cyl- 
inder from  the  drum  and  place  the  paper  upon  it; 
the  easiest  method  of  doing  this  is  to  secure  the  two 
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lower  corners  of  the  paper  between  the  thumb  and' 
finger,  then  put  the  loop  so  naade  over  the  top  of  the 
cylinder ;  slip  the  edges  under  the  springs  and  slide 
the  whole  down  to  the  bottom^  leaving  it  smooth  and 
tight. 

Return  tlie  cylinder  to  the  drum ;  adjust  the 
cylinder  to  the  pencil  for  a  hair  line;  open  the  stop- 
cock and  allow  the  steam  to  enter,  heat  and  expand 
the  cylinder  to  give  freedom  of  motion,  then  turn  the 
T  handle  of  the  cock -plug  to  a  horizontal  position  to 
allow  of  atmospheric  pressure  under  the  piston  as 
well  as  al)o\'e  it;  connect  the  cord  and  draw  the  at- 
mospheric line ;  then  turn  the  T  handle  to  a  vertical 
})osition  and  press  the  paper  cylinder  up  to  the  pencil, 
by  means  of  the  handle  P,  long  enough  for  the  en- 
gine to  make  one  revolution.  No  nicety  is  re- 
quired in  this,  as  the  adjustable  stop  determines  the 
distance  moved  and  delicacy  of  the  lines  drawn.  The 
engine  should  be  allowed  to  ruii  a  short  time  before 
taking  diagrams,  to  clear  the  cylinder  from  water  and 
thoroughly  heat  it. 

If  it  is  a  new  indicator,  allow  its  piston  to  work  for 
a  few  moments  before  taking  a  diagram.  After  a 
diagram  is  taken,  disconnect  the  cord  by  means  of  the 
hook  and  close  the  stop-cock,  as  continual  working 
only  wears  out  the  instrument  needlessly.  Remove 
the  paper  and  make  the  proper  memoranda  upon  the 
back  at  once;  this  should  at  least  include  the  fol- 
lowing particulars,  viz. :  description  of  engine,  scale 
or  spring,  diameter  of  cylinder  and  piston-rod,  which 
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end  of  cylinder,  length  of  stroke,  number  of  revolu- 

1 
/ 


lions  per  minute,  cubic  contents  of  clearance   and 
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thorougli fares,  pressure  of  steam  in  the  lx)iler,  and, 
if  a  coudensing  engine,  the  vacuum  indicated  by  the 
gauge.  As  many  more  particulars  and  circumstances 
should  be  added  as.  can  be  readily  ascertained,  among 
which  it  is  well  to  include  the  length  of  connecting- 
rod  and  the  weight  of  all  the  reciprocating  parts. 

To  avoid  mistakes,  designate  the  two  ends  of  the 
cylinder  as  out-end  and  crank-end. 

How  to  take  apart  and  dean  it. — Immediately  after 
using  the  indicator  it  should  be  properly  cleaned  and 
oiled.  Tills  is  done  by  disconnecting  the  short  lever 
at  the  points  B  and  C;  then  unscrew  the  cap  or  head 
of  the  cylinder  and  carefully  remove  the  piston  and 
spring;  empty  the  cylinder  of  water  and  clean  and 
dry  all  the  parts;  lubricate  the  cylinder,  joints  and 
journals,  with  a  very  small  quantity  of  oil,  which 
must  be  free  from  all  impurities — porpoise  or  watch 
oil  is  the  best;  never  unscrew  the  rod  from  the 
piston.  If  the  inner  surface  of  the  cylinder  or  the 
piston  should  get  scratched  by  any  means  (and  it  will 
be  detected  by  the  unsteady  lines  of  the  diagram)  it 
should  be  remedied  at  once,  and  in  this  manner: 
When  the  instrument  is  apart,  cleaned  and  oiled,  the 
piston  may  be  replaced  in  the  cylinder  without  the 
spring;  screw  on  the  cap  or  cylinder-head  for  a 
guide  and  then  revolve  the  piston-rod  between  the 
thumb  and  finger,  at  the  same  time  moving  it  up 
and  down ;  remove  it  occasionally  and  wipe  all  the 
parts  clean ;  after  a  few  operations  the  surfaces  will 
wear  themselves  smooth.     No  grinding  or  polishing 
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should  ever  be  resorted  to.     When  the  parts  are  t-lean 
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and   the  cylinder  plumb,    the   piston,  with   spring 
removed,  should   move   freely   and   uniformly,  but 
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slowly,  through  the  whole  length  of  the  stroke,  with 
the  levers  attached  and  the  cock  closed ;  with  the 
cock  open  it  should  drop  freely  from  any  position. 
In  putting  the  parts  together  the  levers  and  standards 
should  be  tested  to  see  if  they  move  freely  of  their 
own  weight  and  without  side  motion  in  the  joints; 
then  securely  screw  the  spring  to  the  piston  and  cap. 
Care  should  be  taken  that  the  slot  in  the  head  of  the 
piston-rod  is  in  line  with  the  lever  when  making 
connection,  otherwise  it  would  bind  and  cause  fric- 
tion. 

Diagrams. 

It  must  always  be  remembered  that  the  indicator's 
office  is  only  to  represent  the  pressure  on  the  piston 
at  each  point  of  the  stroke,  by  lines  circumscribed 
upon  paper.  The  correct  reading  of  these  lines  is 
left  entirely  to  the  operator.  For  the  mere  purpose 
of  ascertaining  the  condition  of  the  valves,  piston, 
etc.,  it  will  be  quite  sufficient  to  scan  the  outlines  of 
the  diagram ;  but  if  the  power  of  the  engine  is  re- 
quired, the  mean  pressures  upon  the  opposite  sides  of 
the  piston  must  be  ascertained  by  measurement.  In 
using  a  graphite  wire  for  marking  the  lines,  any 
paper  susceptible  of  taking  a  fine  impression  from  an 
ordinary  lead  pencil  will  answer,  but  if  the  metallic 
point  is  used,  a  paper  expressly  prepared  for  the 
purpose  is  necessary,  and  will  be- furnished  upon 
application.  The  impression  in  this  instance  is  in- 
delible. 

Diagrams  should  be  taken  from  both  ends  of  the 
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cylinder,  and  simultaneouslj,  if  practicable ;  and  the 
mean  result  of  the  two  taken  as  a  basis  for  esthnating 
the  power  of  tl^ie  engine. 

The  common  idea  that  if  the  valves  are  properly- 
adjusted,  two  diagrams  thus  taken  must  be  alike,  is 
a  mistake.  They  will  in  some  respects  be  dissimilar, 
from  various  causes,  one  of  which  is  the  difference  in 
the  speed  of  the  piston  at  opposite  ends  of  the  stroke. 
(See  Fig.  95).  There  may  be  a  difference  also  in  the 
size  of  the  thoroughfares.  The  extreme  ends  of  the 
diagram  are  produced  at  the  exact  time  the  engine  is 
passing  its  centres.  In  diagrams  of  non-condensing 
engines,  the  lower  line  is  usually  drawn  slightly 
above  the  atmospheric  pressure  (see  Fig.  89). 

Explanation  of  Lines  of  Diagratna, 

For  convenience  in  describing  diagrams  their  sev- 
eral parts  will  be  indicated  as  follows: 

Atmospheric  Line, AA. 

Clearance  Line, AB. 

Boiler  Pressure  Line, BP. 

Admission  Line, HC. 

Steam  Line, CD. 

Point  of  Cut-off, D. 

Expansion  Curve, DE, 

Point  of  Exhaust, £. 

Exhaust  Line, £F. 

Counter  Pressure  Line, FG. 

Compression  Curve, ' GH. 

Vacuum  Line, '    .  VV, 

Theoretic  Curve, *    .    .    Dotted  Line. 

(See  Fig.  89.)  . 

2G 
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In  condensing  engines  consider  line  EFG  as  all 
exhaust.     (See  Fig.  89.) 

Different    engines   give  different    diagrams^   and 


diagrams  taken  from  the  same  engine  under  different 
circumstances  differ.  On  account  of  the  diversity  of 
style  of  engines,  and  the  attending  variety  of  circum- 
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stances  and  surroundings,  no  design  for  a  -perfect 
diagram  will  answer  for  more  than  one  particular 
engine^  and  then  only  with  one  particular  combination 
of  conditions,  as  every  change,  whether  of  speed, 
pressure,  friction,  work,  etc.,  produces  different  re- 
sults. The  important  thing  always  is  to  procure  the 
greatest  mean  eiFective  pressure  with  the  lowest  ter- 
minal pressure.  But  a  few  general  rules  may  apply. 
By  taking  the  different  lines  drawn  by  the  indicator, 
in  succession,  commencing  with  the  stroke,  the  main 
features  of  merit  or-defect  may  be  pointed  out.  For 
convenience  to  the  beginner,  however,  all  the  lines  of 
the  diagram  will  be  noticed  and  explained  in  the 
usual  order  of  production. 

The  Atmospheric  Line  is  traced  when  the  atmos- 
phere has  free  access  to  both  sides  of  the  piston  of 
the  indicator  before  steam  is  admitted,  and  indicates 
the  line  of  atmospheric  pressure,  or  zero,  on  the  steam 
gauge.  The  following  lines  are  automatically  traced 
by  the  indicator  and  are  described  as  follows : 

The  Admission  Line  represents  the  rise  of  pressure 
due  to  the  admission  of  steam  to  the  cylinder.  If  it 
is  at  right  angles  to  the  atmospheric  line,  and  is  not 
curved  or  inclined  forwards  where  conjoining  with 
the  steam  line,  it  indicates  that  full  pressure  is  exerted 
upon  the  piston  at  the  commencement  of  the  stroke, 
caused  either  by  the  quick  entrance  of  steam,  or  by 
compression,  or  by  both  combined.  Should  this  line 
incline  forwards  and  form  a  curve  in  connecting  with 
the  steam  line^  the  reverse  is  indicated ;  or  should 
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tliis  line  coDtinue  vertically  beyoDd,  and  then  sud- 


denly drop  to  the  level  of  the  steam  line,  it  signifies 
that  the  steam  is  wire-drawn  and  cannot  enter  the 
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cylinder  with  freedom  sufficient  to  keep  up  the  full 
pre&sure  as  the  piston  starts  forward  ;  but  should  this 
line,  after  projecting  above,  be  suddenly  depressed 
below  the  level  of  the  steam  line,  vibrating  back  and 
forth  one  or  more  times  on  the  latter  line  with  acute 
angles  of  return,  it  may  be  attributed  to  the  momen- 
tum of  the  reciprocating  ports  of  the  indicator  while 
running  at  very  high  speed.     (See  Fig.  94.) 

The  Steam  Line  represents  the  pressure  of  the  steam 
upon  the  piston  and  its  duration  while  acting  directly, 
that  is,  being  constantly  reinforced,  from  the  boiler; 
and  shows  what  proportion  of  boiler  pressure  is  at- 
tained, and  how  soon,  and  how  well  maintained. 
Should  this  line  dip  below  a  horizontal  it  is  an  indi- 
cation of  either  wire-drawing  of  the  steam  somewhere 
between  the  boiler  and  the  cylinder,  or  loss  of  steam 
from  some  cause,  such  as  leakage  around  the  piston, 
or  condensation  of  steam  on  entering  the  cylinder 
from  loss  of  heat  by  radiation  and  condensation, 
internal  and  external.  It  also  shows  at  its  termi- 
nation the  point  at  which  the  valve  closes  or  steam  is 
cut  off. 

The  Expansion  Line  commences  at  the  point  of 
cut-off  where  the  steam  line  ends,  and  represents  the 
fall  of  the  pressure  due  to  the  expansion  of  steam  re- 
maining in  the  cylinder  after  cut-off.  The  nearer 
this  line  corresponds  to  the  theoretic  expansion  curve 
the  better ;  but  it  generally  runs  somewhat  above,  as 
the  piston  continues  on  its  course.  This  is  caused 
partly  by  leakage  of  the  valve.     Should  this  line, 
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after  falling  considerably,  begin  to  rise  again,  and 
show  before  the  termination  of  the  stroke  a  pressure 


in  excess  of  what  it  did  at  some  preceding  point  it 
indicates  that  re»evaporation  of  the  moist  steam  has 
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taken  place.  The  lieat  for  this  purpose  is  supplied 
by  the  surfaces  of  the  cylinder  and  piston  in  contact 
with  the  steam,  and  must  be  regained  at  the  beginning 
of  the  next  stroke  from  the  direct  steam.  The  excess 
or  rise  of  the  line  measures  the  heat  lost  in  the  pro- 
cess. Where  the  expansion  curve  intersects  the  steam 
line  there  is  the  point  of  cut-oflF;  it  is  clearly  defined 
where  the  valve  closes  quickly  (see  Fig.  92),  but 
where  it  closes  slowly  it  is  more  difficult  to  locate;  in 
the  latter  case,  take  the  point  on  the  curvature  where 
it  changes  from  convex  to  concave,  and  through  it 
extend  the  expansion  curve  upwards  by  the  eye  until 
it  cuts  the  steam  line ;  the  point  of  intersection  is  the 
apparent  cut-off.  (See  Fig.  89.)  Should  the  expan- 
sion line  drop  below  the  true  curve,  it  indicates,  in  a 
non-condensing  engine,  that  the  piston  leaks,  or  that 
condensation  has  taken  place;  in  a  condensing  engine, 
that  either  the  piston  or  the  exhaust  valve  leaks. 
Should  this  line  fall  below  the  atmospheric  line  (see 
Fig.  91)  the  area  thus  enclosed  should  be  measured 
and  deducted  from  the  impelling  pressure,  as  it  rep- 
resents counter-pressure  or  power  lost. 

The  steam  may  be  cut  off  so  early  that  expansion 
cannot  be  advantageously  employed,  even  with  the 
highest  pressure.  If  this  line  is  wavy^  consequent 
upon  .extreme  speed  and  pressure  and  the  use  of  a 
spring  worked  at  its  utmost  capacity,  or  should  the 
pencil  describe  several  diagrams  before  removal,  the 
average  or  mean  should  be  ascertained. 

The  Exhaust  Line  commences  where  the  expansion 
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line  ends,  and  is  traced  while  the  excess  of  pressure 
remaining  at  the  point  of  exhaust  is  being  released. 
It  indicates  whether  the  exhaust  valve  opens  properly 
or  not,  and  whether  the  exhaust  port  and  passages  are 
of  sufficient  size  for  the  free  exit  of  the  steam. 

The  Line  of  Counter-pressure  in  a  non-condensing 
engine  represents  by  its  distance  above  the  atmos- 
pheric line  the  pressure  in  front  of  the  piston  during 
the  return  stroke.  (See  Fig.  89.)  Its  presence,  to 
any  considerable  degree,  indicates  one  or  more  defects, 
such  as  smallness  of  exhaust  port  or  pipes,  leakage  of 
piston  or  valves,  etc. 

The  Compression  Line^  when  it  exists,  represents 
tlie  rise  of  pressure  due  to  the  compression  of  the 
steam  shut  in  the  cylinder  by  closure  of  the  exhaust, 
and  indicates  the  point  on  the  return  stroke  at  which 
the  exhaust  valve  closed  and  compression  commenced, 
and  the  amount  of  pressure  resisting  the  movement 
of  the  piston  as  it  nears  the  end  of  the  stroke.  (See 
Figs.  89,  92,  and  93.)  This  pressure  is  called  "cush- 
ioning," and  should  be  calculated  and  deducted  from 
the  imj>clling  pressure.  Shoulil  this  line  be  projected 
above  the  boiler-pressure,  then  sn<ldenly  drop  in 
nearly  a  perpendicular  line  to  the  level  of  the  steam 
line,  thus  forming  a  loop,  it  indicates  an  excess  of 
compression  due  to  closing  the  exhaust  too  soon. 

The  remaining  lines  are  drawn  by  the  operator, 
and  are  described  as  follows : 

Boiler  Pressure  Line  is  drawn  when  the  engine  is 
blocked,  so  that  the  full  pressure  on  the  boiler  can  act 
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upon  the  Indicator,  thereby  testing  the  steam  gauge, 
or  it  may  be  drawn  by  scale,  at  a  distance  from  the 
atmospheric  line  equal  to  the  pounds  pressure  per 
square  inch  as  shown  by  the  steam  gauge,  if  this  is 


known  to  be  correct.  This  line  shows  by  comparison 
with  the  steam  line  the  amount  of  pressure  in  boiler 
not  utilized  by  the  engine. 

The  Vacuum  Line  is  laid  down  by  scale,  usually 
15.  pounds  below  the  atmospheric  line,  but  14.7  is 
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nearer  correct,  and  represents  perfect  vacuum  or  ab- 
sence of  all  pressure. 

The  Clearance  Line  is  laid  off  a  certain  distance 
from  the  steam  end  of  the  diagram,  which  distance  is 
to  the  whole  length  of  the  diagram  as  the  total  vol- 
ume of  clearance,  including  ports,  is  to  the  piston  dis- 
placement. It  represents  the  waste  room  between  the 
cut-off  valve  and  piston  w^ien  the  latter  is  at  this  end 
of  the  stroke,  and  is  found  by  either  calculating  or 
actually  measuring  by  water  the  cubic  inches  con- 
tained in  the  space  between  the  piston  and  cover  when 
the  engine  is  on  its  centre,  and  that  of  the  ports  and 
passage  ways  back  to  the  valve;  divide  by  this  the 
solid  contents  of  that  portion  of  the  cylinder  occupied 
by  the  stroke  of  piston,  and  the  quotient  will  repre- 
*ient  the  denominator  of  a  fraction,  which  with  one 
for  a  numerator  will  give  the  proportional  part  of  the 
length  of  the  diagram  to  be  added  to  the  steam  end 
thereof.  (See  Fig.  89.)  Through  the  point  thus  formed 
draw  a  line  at  right  angles  to  the  atmospheric  line. 
When  the  clearance  is  taken  into  account^  this  space 
must  be  reckoned  as  part  of  the  diagram  in  calculat- 
ing the  average  pressure,  and  in  producing  the  theo- 
retic curve,  or  line  of  perfect  expansion. 

The  Theoretic  Curve  represents  the  line  of  true  ex- 
pansion, or  isothermal  line,  and  shows  by  comparison 
with  the  line  of  expansion  drawn  by  the  Indicator 
the  degree  of  excellence  attained  in  regard  to  the  con- 
struction, adjustment  and  working  of  valves,  fitting 
of  piston,  protection  of  the  cylinder,  and  efficiency  of 
apparatus  for  procuring  expansion. 


\\ 
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•According'to  the  law  of  expansion,  if  a  perfect  gas 
enters  frisely  to  the  cylinder  while  the  piston  is  trav- 
elling a  distance  equal  to  one  of  the  above  divisions 
(see  Fig.  90),  and  is  then  cut  off  and  the  piston  con- 
tinues on  to  the  next  division,  supposing  the  gas  to 
remain  at  the  same  temperature,  the  pressure  is  re- 
duced one-half;  continue  the  piston  to  the  third  and 
it  will  be  reduced  to  one-third ;  if  to  the  fourth,  to 
one-fourth ;  and  so  on  to  the  end  of  the  stroke. 

This  line  should  always  be  drawn  after  the  diagram 
is  taken,  so  that  the  expansion  line  actually  produced 
may  be  compared  therewith.  If  the  valves  are  prop- 
erly constructed  and  adjusted,  the  piston  properly  fit- 
ted, and  the  cylinder  suificiently  protected,  or  jacketed, 
these  two  curves  should  nearly  coincide — the  nearer 
the  better.  The  true  curve  commences  on  the  steam 
line  at  the  point  of  cut-off,  and  terminates  at  the  end 
of  the  stroke.  It  may  be  ascertained  in  the  follow- 
ing manner : 

Let  an  area  be  supposed  (see  Fig.  90)  whose  length 
represents  the  stroke  of  the  engine  and  clearance,  and 
whose  breadth  represents  ninety  pounds  of  steam 
pressure  above  the  atmosphere,  scale  forty  pounds  to 
the  inch.  Draw  the  line  of  perfect  vacuum  C  D ; 
divide  the  whole  area  into  any  number  of  equal  di- 
visions, by  drawing  lines  (ordinates)  at  right  angles  to 
the  vacuum  line,  and  have  one  of  these  lines  pass 
through  the  point  of  cut-off;  number  these  lines  in 
the  direction  of  stroke,  1,  2,  3,  4,  etc.  Take  the 
number  of  the  line  at  the  point  of  cut-off  for  a  nu- 
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merator  and  the  number  of  the  next  line  for  a  de- 
nominator, and  this  fraction  will,  by  measuring  from 
the  vacuum  line,  determine  the  point  on  this  next 
line,  through  which  the  theoretic  cutve  passes.    Con- 


a 


! 


i 


tiiiue  in  this  way  through  the  whole  number  of  lines ; 
then  connect  these  points  by  lines  drawn  sufficiently 
curved  to  make  the  whole  curve  regular.     The  result 
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is  the  theoretic  curve.  The  greater  n amber  of  divi- 
sions the  more  perfect  the  curve  will  be;  hut  ten  is 
generally  sufficient  for  ordinary  purposes.  Should 
diflSculty  occur  in  ascertaining  a  distance  which  will 
enter  into  both  divisions  without  a  remainder,  divide 
the  steam  line  from  clearance  to  the  point  of  cut-off 
into  equal  spaces,  then  continue  with  these  spaces 
through  the  remaining  division,  even  should  they 
project  beyond  the  diagram,  as  the  terminal  pressure 
can  be  measured  where  the  curve  crosses  the  line  des- 
ignating the  termination  of  the  diagram. 

To  Compute  the  Average  Pressfiires, 

Divide  the  diagram  into  a  number  of  equal  spaces 
by  lines  drawn  at  right  angles  to  the  atmospheric 
line ;  ten  is  usually  sufficient,  but  twenty  is  better  if 
great  accuracy  is  required.  A  proportional  divider, 
with  a  small  try-square,  answers  every  purpose. 

In  non-condensing  engines,  when  calculating  the 
average  pressure  on  the  steam  side  of  the  piston  for 
the  whole  stroke,  the  mean  pressure  in  each  division 
or  space  enclosed  by  these  lines,  between  the  upper 
line  (steam  and  expansion)  and  the  atmospheric  lino, 
should  be  first  ascertaineJ.  T!)is  may  be  done  either 
by  carefully  measuring  each  space  between  the  at- 
mospheric line  and  the  upper  line  of  the  diagram  by 
the  scale  corresponding  to  the  spring  used  in  the  in- 
strument, and  the  sum  of  these  measurements  divided 
by  the  number  of  spaces  gives  thq  average  pre^ure 
per  square  inch  upon  the  working  side  of  the  piston, 

27 


314       PRACTICAL  STEAM   ENGINEER'S  GUIDE. 

or  average  impelling  pressure  for  the  whole  stroke; 
or  upon  measuring  the  spaces  with  a  common  rxdey 
divide  their  sum  by  the  number  of  spaces,  and  mul- 
tiply the  quotient  by  the  number  of  the  spring,  and 
the  result  is  the  same.  Proceed  in  like  manner  to 
find  the  average  resisting  pressure  upon  the  opposite 
side  of  the  piston,  measuring  the  distance  in  each 
space  between  the  lower  line  (counter-pressure  and 
compression)  and  the  atmospheric  line;  the  difference 
between  the  average  impelling  pressure  and  the  aver- 
age resisting. pressure  gives  the  mean  effective  pressure 
exerted.  Should  the  expansion  line  fall  below  the 
atmospheric  line,  the  area  of  the  loop  (see  Fig.  91) 
thus  formed  should  be  measured  in  like  manner  and 
deducted  the  same  as  the  compression  and  counter- 
pressure.  If  the  diagram  is  also  divided  by  lines 
drawn  parallel  to  the  atmospheric  line  into  equal 
spaces  and  corresponding  to  a  certain  number  of 
pounds  pressure,  say  five  pounds,  as  per  scale,  begin- 
ning at  vacuum,  the  operator  is  enabled  readily  to  read 
the  general  characteristics  by  sight.  A  very  simple 
method  of  measuring  diagrams  has  been  suggested 
which  is  much  easier  than  either  of  the  above  and 
reduces  liability  of  error.  Take  a  narrow  strip  of 
paper  which  has  a  straight  edge,  place  it  across  the 
diagram,  and  let  one  end  of  this  strip  come  directly 
over  the  atmospheric  line ;  then  with  a  knife  blade  or 
sharp  pencil  mark  the  length  of  the  first  space  as  de- 
termined by  the  steam  line;  then  move  the  paper 
along  to  the  next  space,  placing  the  mark  made  by 
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the  pencil  over  the  atmospheric  h'ne ;  then  make  an- 
other mark  at  the  point  where  it  crosses  the  steam  or 
expansion  line,  whichever  it  may  be,  being  careful 
always  to  take  a  point  on  the  upper  line,  which  shall 
represent  the  mean  length  as  nearly  as  possible ;  so 
proceed  until  the  length  of  each  space  has  been  added 
to  the  first;  then  measure  with  a  rule  from  the  end 
of  the  paper  to  the  last  pencil  mark,  divide  this  by 
the  number  of  spaces  to  get  the  average  length,  and 
multiply  the  quotient  by  the  number  of  the  spring  in 
use,  and  the  result  is  the  average  impelling  pressure 
per  square  inch.  Proceed  in  like  manner  to  measure 
the  average  resisting  pressure,  etc.  Ten  is  the  usual 
number  of  spaces  used,  but  for  exactness  twenty  is 
better. 

A  quicker  method  of  ascertaining  the  effective 
pressure,  whether  in  condensing  or  non-condensing 
engines,  is  to  measure  the  spaces  between  the  upper 
and  lower  lines  of  the  diagram  without  regard  to  the 
atmospheric  line,  and  then  proceed  in  the  manner  as 
before  stated.  This  does  away  with  separate  meas- 
urements, excepting  when  a  loop  is  formed  in  non- 
condensing  engines. 


CHAPTER  X. 

SLIDE  VALVES. 

This  is  a  branch  of  the  subject  deserving  the  special 
attention  of  the  engineer.  Its  importance  in  regard 
to  the  economical  working  of  the  steam  engine  cannot 
be  overestimated. 

The  slide  valve  ordinarily  nsed  in  high  pressure 
engines  and  the  nianner  of  its  operation  is  well  known 
to  nearly  every  practical  mechanic  and  engineer.  It 
will  be  remembered  that  the  operations  of  admitting 
tlie  fresh  steam  and  releasing  the  waste  steam  are 
alternately  {performed  by  the  same  valve  and  the 
same  motion.  The  valve  being  made  to  slide  back- 
wards and  forwards  upon  the  face  of  the  ports,  opens 
and  closes  the  several  passages  in  their  turn.  The 
two  extreme  ones  called  the  steam  ports,  commu- 
nicate with  each  end  of  the  cylinder.  The  middle 
one  is  called  the  exhaust  port,  and  its  corresponding 
passage  terminates  in  a  pipe  open  to  the  atmosphere. 
Steam  is  admitted  freely  into  the  steam  chest  from 
the  boiler,  and  the  valve  is  made  of  sufficient 
length  to  cover  all  the  ports,  when  it  is  placed  in  the 
centre  of  the  stroke.  When  it  is  in  this  position  no 
steam  can  enter  the  cylinder,  but  as  the  valve  moves 

(316) 


SLIDE  VALVES. 


317 


on  one  of  the  ports  opens,  the  arrangement  of  the 
valve  gearing  being  such,  that  when  the  piston  is 
ready  to  begin  its  stroke,  the  steam  port  begins  to 
open.  During  the  stroke  of  the  piston,  the  valve  not 
only  travels  to  the  end  of  its  stroke,  but  also  returns 
to  the  point  from  whence  it  set  out,  and  its  continued 
motion  in  the  same  direction  finally  closes  the  valve 
and  prevents  any  further  admission  of  steam.  The 
steam  has  now  done  its  work  and  must  be  removed. 
In  the  middle  of  the  valve  a  hollow  chamber  is 
formed,  of  sufficient  length  to  open  between  the  ports. 


As  soon  as  the  edge  of  this  chamber  passes  the  edge 
of  the  steam  port,  the  pent  up  steam  finds  vent  and 
rushes  through  the  exhaust  port  and  escapes  through 
the  exhaust  pipe  into  the  atmosphere.  Now  looking 
at  Fig.  96  you  will  notice  that  the  exhaust  port 
opens  when  the  steam  port  closes,  and  that  both 
happen  just  at  the  end  of  the  stroke.  The  perfection 
of  a  steam  valve,  other  things  being  equal,  consists  in 
the  degree  of  nicety  with  which  its  motion  is  timed 
relatively  to  the  motion  of  the  piston.  The  functions 
of  the  piston  are  absolutely  dependent  upon  the  proper 
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timing  of  the  admission  and  release  of  the  steam, 
A  most  slight  and  apparently  trifling  error  in  the 
adjustment  produces  a  most  serious  effect  upon  the 
consumption  of  fuel.  If  from  any  cause  the  valve 
should  open  to  admit  steam  for  a  fresh  stroke  before 
the  preceding  stroke  is  finished,  it  opens  too  soon,  and 
an  unnecessary  resistance  to  the  piston  is  produced. 
If  on  the  other  hand,  the  valve  should  delay  its 
opening  until  the  piston  had  begun  its  return,  it  opens 
too  late,  because  then  the  steam  has  to  fill  uselessly 
the  space  left  vacant,  and  hence  a  waste  of  steam  and 
loss  of  power.  As  far  then  as  the  admission  of  steam 
is  concerned,  it  is  a  necessary  condition  that  the  steam 
ports  should  open  neither  before  nor  after,  but  at  the 
precise  moment  when  the  stroke  commences.  Some 
engineers  recommend  giving  the  valve  "lead"  as  it 
is  termed,  that  is  to  say,  setting  it  so  as  to  open^a 
little  before  the  end  of  the  stroke,  but  it  is  an  open 
question  whether  the  slightest  advantage  is  gained  by 
so  doing  to  a  greater  extent  than  is  necessary  to 
compensate  for  any  slackness  or  lost  motion  in  the 
valve  gearing  or  for  their  expansion  when  heated  by 
the  steam,  and  ^V  ^f  ^.n  inch  is  quite  sufficient  in  a 
well-constructed  engine.  It  is  also  an  open  question 
whether  it  would  not  be  better  to  bring  the  piston  to 
a  state  of  rest  by  the  "  compression  "  of  the  exhaust 
steam  than  by  means  of  any  lead  to  the  steam  valve 
at  all.  Now  the  valve  shown  in  Fig.  96  ratifies  the 
conditions  for  the  admission  of  the  steam ;  it  opens 
exactly  at  the  right  time;  the  steam  begins  to  enter 
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as  the  piston  begins  to  move  as  it  follows  it  steadily 
and  effectively  throughout  the  stroke.  Whatever  time 
the  piston  takes  for  its  journey,  the  steara  is  allowed 
as  much  tirae  to  follow  it.  At  first  the  opening  is 
small,  but  then  the  motion  of  the  piston  comparatively 
slow  and  therefore  the  supply  keeps  pace  with  the 
demand. 

As  respects  the  release  of  the  steam  when  the  stroke 
has  been  completed  the  performance  of  this  valve  is 
altogether  unsatisfactory,  and  here  lurks  the  cause  of 
the  difference  in  the  performance  of  the  old  and  later 
engines. 

But  it  may  be  said  that  the  release  does  appear 
to  take  place  at  the  right  time,  because  it  occurs  just 
when  the  piston  has  finished  its  stroke,  and  if  it  were 
to  occur  before,  a  loss  of  power  would  ensue.  This  is 
a  very  plausible  view  of  the  case,  and  the  one  which 
delayed  for  years  the  saving  of  fuel  which  has  since 
been  effected.  Sufficient  attention  was  not  bestowed 
upon  what  was  going  on  in  the  cylinder  or  upon  the 
facts  which  might  have  indicated  them ;  to  fill  and 
empty  a  cylinder  full  of  steam  are  operations  requir- 
ing time.  The  time  required  for  filling  the  cylinder 
with  steam  necessarily  corresponds  with  the  duration 
of  the  stroke,  whatever  its  duration  may  be.  But 
this  cannot  be  the  case  as  regards  the  second  opera- 
tion— the  emptying  of  the  cylinder.  This  ought  to 
be  performed  in  an  instant,  or  otherwise  the  steam 
continues  pent  up  when  it  ought  to  be  liberated,  when 
it  ought  to  assume  its  minimum  pressure — the  pres- 
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sure   of    the   atmosphere — and    exerts   an    injurious  J 

counter-pressure   against  the  piston,  tending  to  in-  I 

crease  the  resistance  to  be  overcome.  To  effect  the 
free  and  rapid  discharge  it  is  necessary  not  merely  to 
open  the  communication  to  the  exhaust  pipe,  but  to 
open  a  wide  passage  and  to  have  this  done  by  the 
time  the  piston  commences  the  return  stroke.  The 
valve  alluded  to  cannot  accomplish  this,  its  motion 
being  gradual,  not  instantaneous,  as  it  should  be.  The 
passage  only  begins  to  open  when  the  piston  is  in  its 
turn,  and  it  is  not  wide  open  until  the  piston  has 
travelled  through  one-tenth  of  its  entire  stroke.  The 
steam  in  the  cylinder  is  restrained  from  escaping,  be- 
ing, as  it  were,  wire-drawn  in  the  passage  out,  and 
consequently  takes  considerable  time  to  assume  the 
pressure  of  the  atmosphere.  In  the  meanwhile  the 
new  stroke  has  begun  and  been  partly  completed,  and 
'  so  far  the  piston  has  had  to  contend  with  a  resistance 
altogether  illegitimate,  a  resistance  in  many  cases — 
especially  at  high  speeds — nearly  equal  to  all  the 
other  resistances  put  together.  It  was  not  until  the 
year  1838  that  the  true  ciiuse  of  the  trouble  was  sus- 
pected and  a  remedy  applied.  It  had  been  thought, 
before  that  time,  that  giving  an  engine  lead  tended  to 
improve  its  speed  when  already  running  at  a  high 
rate.  This  was  attributed  to  the  opening  of  the 
steam  port  being  wide  at  the  commencement  of  the 
stroke,  thereby  increasing  the  facility  for  the  entrance 
of  the  steam  in  following  up  the  piston.  Its  true  ex- 
planation was  found  to  be  the  earlier  release  of  the 
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waste  steam  and  consequent  dirainution  of  resistance. 
As  sometimes  three-eighths  of  an  inch,  or  even  one- 
half  of  an  inch,  "  lead  ^\  was  given  in  high-speed  en- 
gines, it  was  decided  to  try  the  effect  of  opening  the 
exhaust  passage  earlier  by  the  same  amount  while  the 
steam  port  should  still  be  made  to  open  only  at  the 
beginning  of  the  stroke.  An  engine  was  chosen  for 
the  experiment  the  valve  of  which  resembled  Fig.  96, 
placing  the  valve  on  the  ports  so  as  to  allow  the  ex- 
haust passage  to  be  three-eighths  of  an  inch  open,  the 
steam  port  at  the  same  time  to  be  one-quarter  of  an 
inch  open.  This  space,  therefore,  was  closed  by  adding 
to  the  length  of  the  valve  at  each  end  one-quarter  of  an 
inch.  The  eccentric  was,  of  course,  shifted  on  the 
shaft  to  correspond  with  the  alteration,  and  the  en- 
gine with  the  altered  valve  (see  Fig.  97)  again  set  to 
work.  It  is  almost  needless  to  say  the  saving  of  fuel 
was  very  great.  The  amount  by  which  the  valve  at 
each  end  overlaps  the  steam  ports  (see  Fig.  97)  when 
placed  exactly  over  them   is  technically  termed  the 


Fig.  97. 

"  lap."  The  lap  of  the  valve  being  three-eighths  of 
an  inch,  the  exhaust  passage  was  about  three-eighths  of 
an  inch  open  when  the  stroke  was  finished. 
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Lap. 

The  importance  of  putting  lap  upon  a  slide  valve 
will  be  better  understood  by  noting  what  would  hap- 
pen without  it.  If  there  were  no  lap  the  opening 
for  steam  would  be  represented  by  O  D  (see  Fig.  98), 
and  the  result  would  be  that  the  steam  port  could 
only  be  perfectly  closed  at  the  precise  instant  when 
the  valve  was  in  the  middle  of  its  stroke  and  moving 
most  rapidly.  From  what  has  been  been  said  it  is 
apparent  that  a  valve  of  this  kind  (one  without  lap) 
is  unsuitable  for  an  engine,  the  better  plan  being  that 
the  steam  should  be  compressed  or  cushioned  on  one 
Side  of  the  piston,  so  as"  to  assist  in  bringing  it  to  a 
state  of  rest,  and  that  the  driving  pressure  on  the  op- 
posite side  should  be  relieved  by  opening  a  passage 
to  the  exhaust* or  releasing  the  steam  just  before  the 
stroke  terminates.  This  prevents  the  violent  jerk 
and  strain  which  would  come  upon  the  crank-pin  if 
the  steam  were  thrown  with  full  force  upon  the  piston 
when  the  crank  is  on  the  centre. 

The  value  of  an  indicator  diagram  in  interpreting 
the  action  of  a  slide  valve  can  now  be  made  clear. 
Referring  to  Fig.  98,  it  will  be  noticed  that  the 
moving  parts  are  attached  to  a  board  carrying  a  sheet 
of  paper  on  which  the  circles  describing  the  centres  of 
the  crank-pin  and  centre  of  eccentric  are  recorded ; 
and  below  this  is  a  space  for  tracing  the  indicator  di- 
agram. The  crank  and  connecting  rod  which  actuate 
the  piston  are  at  the  back  of  the  board,  but  an  index 
arm,  O  H,  is  placed  in  front  and  moves  with  the 
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{">:..'  k,  thereby  transferring  its  apparent  motion  to  th( 
par'  where  it  can  be  seen.  The  eccentric  is  repre- 
sv'nted  by  an  actual  crank,  O  P,  whose  extreme  end 
tUsf'ribes  the  smaller  circle,  and  the  rod  P  L  carries 
i>i\  the  motion  of  the  valve.  The  point  P  can  be 
shifted  along  the  arm  O  T,  thereby  varying  the 
aiiiount  of  travel  of  the  slide,  and  the  length  of  the 
lOvl  P  L  can  also  be  adjusted.  In  this  way  the  effect 
produced  by  any  deviation  from  the  proper  length  of 
the  eccentric  rod  can  be  studied.  We  are  now  pre- 
pared to  trace  out  the  diagram  as  given  by  an  indica- 
tor. The  crank  being  horizontal  with  the  piston  at 
the  end  of  its  stroke,  the  first  thing  to  be  done  is  to 
place  the  valve  in  the  correct  position  for  admitting 
steam  by  setting  back  O  P  until  the  lap  is  allowed  for. 
The  valve  then  opens,  and  if  the  pressure  of  the  steam 
is  sufBciently  maintained  the  indicator  pencil  will 
trace  the  steam  line  A  B.  When  the  crank  gets  to 
the  end  of  first  dotted  line,  A  is  closed,  expansion  be- 
gins, the  pressure  falls,  and  we  have  the  expansion 
line  B  C.  At  the  point  marked  "  release  "  the  valve 
is  moved  so  far  to  the  left  as  to  open  a  passage  from 
A  to  C,  and  the  release  of  the  steam  (exhaust)  begins. 
The  pressure  falls  from  C  to  F,  and  continues  very 
low  till  the  point  marked  "compression"  is  reached, 
when  B  closes  and  the  steam  in  the  corresponding 
end  of  the  cylinder  is  "cushioned"  so  as  to  increase 
its  pressure,  the  pencil  rising  from  M  to  A  when  the 
double  stroke  has  been  completed.  The  object  and 
effect  of  putting  "lap"  upon  a  vaive  are  two-fold: 


■^ 
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Isty  to  give  a  free  release  to  the  exhaust  steam^  and, 
2(1,  to  prmiuoe  a  fixed  amount  of  expansion. 

The  "lead,"  of  which  mention  has  been  made,  is 
outside  lead,  that  is,  it  relates  to  the  admiss^ion  of  the 
steam ;  but,  of  course,  "lead"  can  be  given  to  the  ex- 
haust side  of  the  valve,  in  which  case  it  is  called  m- 
sule  lead.  The  four  principal  points  in  the  valve  mo- 
tion are:  1st,  the  admission  of  the  steam;  2d,  the 
cut-off;  3d,  the  release  or  exhaust,  and,  4th,  the 
compression  or  cushioning  of  tlie  steam  behind  the 
piston. 


CXP.BCQINS. 
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Fig.  98. 

How  to  Set  a  Slide  Valve,* 

It  is  first  necessary  to  find  the  two  centres  for  the 
cross-head.  A,  in  Fig.  99,  is  the  rim  of  the  fly-wheel, 
and  B,  a  piece  of  wood  of  a  length  to  reach  from  the 
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floor  or  foundation  to  about  the  height  of  the  centre 
of  the  shaft.  On  the  guides  A,  Fig.  100,  draw  a 
line  a,  at  or  a  trifle  beyond  the  travel  point  of  the 
cross-head.  Measure  off  a  short  distance  (2,  3,  4  or 
5  in.)  on  the  guide  from  line  a,  and  draw  the  line  6. 
Place  the  cross-head  as  near  on  the  centre  as  can  be 
done  with  the  eye,  and  turn  the  fly-wheel,  the  crank- 
pin  travelling  up  till  the  cross-head  arrives  flush  with 
line  6,  as  shown,  B  being  the  cross-head.     Then  with 


Fig.  99. 


Fig.  100. 


the  stick  resting  on  the  floor  or  foundation,  and 
against  side  of  fly-wheel,  make  a  mark  a.  Fig.  99,  as 
shown.  Now  return  the  cross-head  to  the  centre, 
revolving  the  fly-wheel  in  an  opposite  direction  to 
that  in  which  it  was  first  moved,  till  the  pin  passes 
the  centre  and  travels  down,  and  the  cross-head  has 
again  arrived  at  line  6,  as  shown  in  Fig.  100.  The 
stick  B  remaining  in  the  same  position,  another  line 
c,  may  now  be  drawn  flush  with  the  end  of  the  sticky 

28 
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The  centre  between  a  and  c  may  now  be  found,  and 
drawn  as  6.  Now,  when  the  line  6  is  brought  flush 
with  the  end  of  the  stick  by  turning  the  wheel,  the 
cross-head  will  be  on  the  centre.  A  similar  opera- 
tion for  the  other  centre  will  also  ascertain  it.  The 
length  of  the  eccentric  rod  is  next  in  order,  and 
should  be  lengthened  or  shortened  as  the  case  may 
be,  till  the  valve  opens  one  port  about  or  nearly  as 
far  as  the  other.  While  doing  this  the  position  of 
the  eccentric  makes  no  difference,  and  may,  in  fact, 
be  fastened   anywhere.     Having  approximated   the 


/ 


correct  length  of  the  rod,  place  tlie  engine  on  the 
centre  (either).  The  direction  in  which  the  engine 
is  intended  to  run  being  known,  the  position  of  the 
eccentric  must  be  ascertained.  If  the  engine  has  a 
rocker-shaft,  the  full  part  or  belly  of  the  eccentric 
will  follow  the  crank-pin  ;  if  there  is  no  rocker-shaft, 
the  full  part  of  the  eccentric  will  lead  the  crank-pin, 
being  in  either  case  nearly  at  right  anglea  with  the 
pin.  The  engine  being  on  the  centre,  as  in  Fig.  101, 
and,  having  no  rocker-shaft,  we  will  suppose  it  is  to 
run  in  the  direction  of  the  arrow.    As  the  eccentric  in 
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this  case  leads  the  pin,  it  will  be  in  the  position  of  A. 
Now  adjust  it  till  the  required  lead  appears  at  a, 
fasten  it,  and  try  the  lead  when  the  engine  is  on  the 
other  centre.  Whatever  difference  there  is  in  the 
lead,  lengthen  or  shorten  the  rod  till  the  lead  is 
equally  divided  on  both  ends,  not  moving  the  eccen- 
tric till  this  is  accomplished,  and  when  it  is,  shift  the 
eccentric  to  the  crank  if  there  is  too  much  lead,  and 
from  it,  if  there  is  not  enough. 

The  centre  of  the  eccentric,  6,  will  then  be  the  lap 
and  lead  from  the  centre  line,  c  c.     If  the  engine  was 


/ 


•*>- 
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Fig.  102. 


to  run  in  the  opposite  direction,  the  eccentric  would 
occupy  the  position  of  B.  That  the  position  A  is  the 
correct  one,  is  evident  from  inspection,  for  imagining 
the  pin  p  to  commence  and  travel  in  the  direction 
of  the  arrow,  it  is  evident  that  the  eccentric  A  will 
drive  the  valve  from  left  to  right,  opening  the  port  a 
as  required.  If  we  connect  the  valve-stem  to  eccen- 
tric B,  and  suppose  the  pin  to  still  travel  in  the 
direction  of  the  arrow,  the  eccentric  would  drive  the 
valve  from  right  to  left,  ^^d  close  the  port  a,  and  it 
is  plain  that  B  is  not  in  the  correct  position  for  the 
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direction  of  the  arrow.  However,  if  the  engine  is  to 
travel  in  the  opposite  direction,  it  at  once  becomes  evi- 
dent that  B  is  in  the  correct  position  for  that  direction.  j 
In  either  case,  the  valve  occupies  the  same  position 
when  the  pin  p  is  on  the  centre.  Locomotive  engineers 
find  in  this  fiict  an  explanation  for  setting  a  slipped 
eccentric,  by  throwing  the  reverse  lever  in  the  oppo- 
site direction  to  the  slipped  eccentric,  marking  the 
valve-stem,  throwing  the  lever  in  the  motion  for  the 
slipped  eccentric,  and  shifting  the  eccentric  till  the 
mark  on  the  valve-stem  reappears  in  the  same  relative 
position  as  when  it  was  made,  as  the  valve  occupies 
the  same  position  when  the  engine  is  on  the  centre, 
whether  the  engine  runs  forward  or  backward.  By 
examining  Fig.  102,  it  vvill  be  seen  that  tli«  rocker- 
shaft  makes  all  the  difference  fn  the  world,  in  fact, 
the  eccentric  stands  opjx)site  to  what  it  would  without 
the  rocker-shaft.  When  the  engine  runs  in  the 
direction  of  the  arrow,  the  eccentric  pulls  the  eccen- 
tric-rod in  the  direction  of  the  arrow  under  it,  and 
drives  the  valve-stem  in  the  direction  of  its  arrow, 
from  left  to.  right,  as  is  required.  The  rocker-shaft 
just  reverses  the  order  of  things,  that  is,  it  causes  the 
eccentric  to  be  the  lap  and  lead  nearer  to  the  pin 
from  a  centre  line  c  c,  and  also  foUow  the  pin,  while 
without  the  rocker-shaft,  the  eccentric  is  as  seen  in 
Fig.  101,  the  lap  and  lead  further  from  the  pin  from 
the  line  c  c,  and  it  also  leads  the  pin.  When  the 
rocker-shaft  is  used,  it  should  stand  at  right-angles 
with  the  valve  stem,  when  the  valve  is  over  the 
centre  of  the  seat. 


CHAPTER  XI. 

THE  PI8T0N  AND   ITS   RINGS. 

We  come  now  to  the  piston  and  tlie  method  used 
tor  packing  it  so  as  to  prevent  any  eteam  from  pass- 
ing from  one  side  to  the  other. 

The  pistun  nhown  in  Fig.  103  ia  the  one  in  general 
use,  and  r/liicli  has  been  tlie  sUudunI  for  many  years 


fig.  103. 
notwithstanding  its  many  well-known  defects.  Its 
construction  is  about  as  follows:  It  is  made  of  cast 
iron  and  is  cast  in  two  pieces.  The  main  body  to 
which  the  piston-rod  is  attached  is  called  the  piston 
(329) 
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head^  and  the  other  part  (marked  F),  which  is  used  to 
keep  the  rings  in  place,  is  called  the  follower,  and  is 
attached  to  the  piston  by  means  of  bolts  called  fol- 
lower-bolts. These  follower-bolts  are  generally  made 
of  composition,  hut  steel  ones  are  Stronger  and  better 
«nd  not  so  liable  to  be  twisted  off.  The  piston  is 
made  to  work  steam-tight  in  the  cylinder  by  means 
of  two  packing  rings  (marked  R  R)  made  of  cast 
iron  or  brass,  generally  the  former.  These  rings  are 
turned  a  little  larger  than  the  diameter  of  the  cylin- 
der and  then  cut  diagonally  (as  shown  in  the  figure) 
so  that  they  can  be  set  out  or  expanded  to  fill  the 
cylinder  completely  by  means  of  steel  springs  set  out 
by  bolts.  Tiie  place  where  one  ring  is  cut  is  placed 
opposite  to  that  of  the  other  so  as  to  break  the  joint, 
which  is  done  to  prevent  the  steam  passing  through 
one  joint  from  passing  through  the  other.  There  is 
another  ring  made  of  cast  iron,  and  as  wide  as  both 
the  others,  placed  on  the  inside,  which  furnishes  a 
bearing  for  the  springs  and  causes  them  to  press 
equally  against  the  outer  rings.  The  inner  ring  is 
cut  also. 

This  piston  is  now  being  rapidly  superseded  by  an 
improved  piston  (as  shown  in  Fig.  104),  which  shows 
the  piston  wrought  in  one  solid  piece,  and  dished  out 
so  as  to  form  a  deep  surface  of  contact  with  the  sides 
of  the  cylinder.  Here  the  depth  of  the  guiding  sur- 
face of  the  piston  is  four  inches,  and  the  three  grooves 
shown  in  section  are  intended  for  the  reception  of  me- 
tallic packing  rings,  as  applied  by  Mr.  Ramsbottora 
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about  1854,  and  wMeh  form  the  simplest  metliod  that 
has  been  devised  for  keeping  ihe  piston  steam-ti^ht 
under  tlie  high  pressure  employed  in  locomotive  en- 
gines. The  contrivance  is  thus  ^lescribed  in  a  paper 
on  an  improved  piston  for  steani-enginos;  "Tiiree 
separate  grooves,  eacli  J  inch  wide,  J  inch  apart,  and 
■fg  inch  deep,  are  turned  in  the  circumference  of  the 
piston,  and  these  grooves  are  fitted  with  elastic  pack- 
ing rings.  These  rings,  which  may  be  of  brass,  steel, 
or  iron,  are  drawn  of  a  suitahie  section  to  fit  the 


Fig.  10*. 
gr(X>vea  in  the  piston,  and  are  bent  in  rollers  to  the 
proper  curvature,  the  diameter  of  the  circle  to  which 
they  are  bent  being  about  one-tenth  lai^r  than  the 
cylinder.  They  are  placed  in  the  grooves  in  a  com- 
pressed state,  and  along  with  the  body  of  the  piston 
are  thus  pnt  into  the  cylinder,  rare  being  taken  to 
block  the  steam-port.  The  rings  arc  therefore  forced 
outwards  by  their  own  elasticity,  which  is  fiiund 
quite  sufficient  to    keep    them    steam-tight."      Of 
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course  the  rings  are  ])Ut  on  so  as  to  break  joint. 
One  object  in  the  construction  of  this  particular  pis- 
ton has  been  to  reduce  as  much  as  possible  the  amount 
of  rubbing  surface.  It  is  a  maxim  in  books  on  me- 
chanics that  the  amount  of  friction  is  independent  of 
the  extent  of  surfaces  in  contact;  but  that  rule  only 
applies  where  tlie  surface  is  directly  supporting  a 
pressure,  and  it  has  nothing  to  do  with  the  friction 
of  a  piston,  where  an  increase  of  surface  undoubt- 
edly increases  the  friction.  Here  the  lightness  of  the 
piston  reduces  the  friction,  and  so  also  does  the  small 
amount  of  elastic  surface  pressed  against  the  interior 
of  the  cylinder. 

As  to  the  amount  of  bearing  surface,  it  appears  that 
for  an  18-inch  piston  it  would  come  to  about  42  square 
inches,  whereas  in  a  piston  of  the  same  diameter  with 
2J-inch  packing  rings  the  area  of  rubbing  surface 
would  be  141  square  inches.  The  simplicity  of  con- 
struction is  also  an  advantage,  the  only  workmanship 
expended  on  the  piston  being  that  of  turning  its  rim 
and  forming  its  centre.  The  packing  rings  are  drawn 
as  ordinary  wire,  and  are  afterwards  bent  into  shape, 
the  cost  of  production  being  very  small. 

The  mode  of  attaching  the  piston-rod  is  apparent 
from  the  sketch.  There  is  a  shoulder,  and  the  rod 
terminates  in  a  coned  end,  the  whole  being  screwed 
up  tight  by  a  nut.  The  cylinder  covers  are  copies  of 
the  configuration  of  the  piston,  thereby  avoiding  a 
waste  of  steam. 


1  I 
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CHAPTER  XII. 

SAFETY     VALVES  —  THEIR    ANTECEDENTS,    INVEN- 
TION,   HISTORY,    AND    CALCULATION.* 

The  frequency  of  requests  fdv  an  explanation  of 
the  method  of  calculating  the  proportions  of  the  levers 
and  weights  of  safety  valves,  shows  that  the  problem, 
simple  though  it  is,  is  yet  not  properly  understood  by 
many  of  our  mechanics  and  engineers. 

For  the  benefit  of  the  younger  portion  of  our  read- 
ers, as  well  as  for  some  of  the  older,  we  have  under- 
taken to  give  the  antecedents  of  the  safety  valve,. its 
invention,  and  a  review  of  its  history,  and  also  to 
explain  the  manner  of  calculating  and  proportioning 
it  in  all  its  parts.  We  do  not  pretend  to  offer  much 
that  is  new  or  original,  but  have  tried  to  give  that 
which  will  be  the  most  useful,  and  in  as  simple  lan- 
guage as  is  consistent  with  the  subject  matter. 

Mathematics  cannot  be  wholly  dispensed  with  in  an 
explanation  of  this  kind,  but  in  each  case,  where  pos- 
sible, written  rules,  together  with  the  particulars  of 
working  examples,  are  given,  so  that  the  reader  may 
study  the  subject  for  himself. 

»  W.  Barnet  Le  Van. 
(333) 
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Steam. 

Steam  has  been  noticed  ever  since  the  first  heating 
of  water  and  boiling  of  food  for  domestic  purposes. 
The  <laily  occurrence  implied  by  the  expression,  "the 
pot  boils  over/'  was  as  common  in  antediluvian  as 
modern  times ;  and  hot  water  thus  raised  was  one  of 
the  earliest  observed  facts  connected  with  the  expansion 
of  vapor.  From  allusions  in  the  most  ancient  writings 
we  may  gather  that  the  phenomena  exhibited  by  steam 
were  closely  observed  of  old.  Thus  Job,  in  describ- 
ing Leviathan,  alkides  to  the  puffs  of  volumes  that 
issue  from  under  the  covers  of  boiling  vessels:  "By 
his  neesings  a  light  doth  shine,"  and  "Out  of  his  nos- 
trils goeth  smoke  (steam)  as  out  of  a  seething  pot  or 
cauldron."  In  the  early  use  of  the  vessels  last  named, 
and  before  experience  had  rendered  the  management 
of  them  easy  and  safe,  females  would  naturally  en- 
deavor to  prevent  the  savory  contents  of  their  pots 
from  flying  off  in  vapor,  hence  attempts  to  confine  it 
by  covers;, and  when  these  did  not  sufficiently  close, 
a  cloth  or  some  similar  substance  interposed  between 
it  and  a  stone  or  other  weight  placed  upon  the  top  to 
keep  ail  tight,  would  also  be  very  natural.  Then  as 
the  fluid  began  again  to  escape,  further  efforts  would 
be  made  to  retain  it  by  additional  weights.  In  this 
manner,  doubtless,  many  a  contest  was  kept  up  be- 
tween a  pot  and  its  owner,  till  one  gained  the  victory ; 
and  we  need  not  the  testimony  of  historians  to  deter- 
mine which  this  was.  In  those  times  it  was  not  gen- 
erally known  that  a  boiling   cauldron  contained  a 
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spirit  impatient  of  control,  that  the  vessel  was  the 
generator  of  an  irresistible  power,  and  the  cover  a 
nafdy  vcdve;  and  that  the  preservation  of  the  cion- 


go 

a 


tents,  and  the  security  of  the  operator,  depended  upon 
letting  the  cover  alone,  or  not  overloading  it;  lienor 
it  no  doubt  often  happened  that  the  confined  vapor 
threw  out  the  contents  with  violence,  and  then  it  was 
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that  prmJtive  cooks  began  to  perceive  that  there  was 
death  as  well  as  life  in  a  boiling  pot.  In  this  man- 
ner we  suppose  females  were  the  first  experimenters 
on  steam,  and  the  earliest  witnesses  of  steam  boiler 
explosions. — ["Ewbank's  Hydraulics/'  391.] 

Valves. 

The  bellows  was  probably  the  first  instrument  of 
which  they  formed  a  part.  No  other  machine  equally- 
ancient  can  be  pointed  out  in  which  they  were  re- 
quired. 

That  the  bellows  is  of  antediluvian  origin  there 
can  be  little  doubt,  for  neither  Tubal-Cain  nor  any 
of  his  pupils  could  have  reduced  and  wrought  iron 
without  it. 

Strabo  attributed  the  bellows  to  Anacharsis,  who 
lived  about  600  years  B.  c.  Pliny  (B.  vii.,  56)  attributes 
it  with  greater  propriety  to  the  Cyclops,  who  are  sup- 
posed to  ;have  flourished  before  the  deluge.  The 
prophet  Jeremiah,  who  lived  long  before  Anacharsis, 
speaks  of  it  in  connection  with  metallurgical  opera- 
tions. "The  bellows  are  burned,  the  lead  is  consumed 
of  the  fire ;  the  founder  mclteth  in  vain."  Isaiah, 
who  lived  still  earlier,  namely,  in  the  eighth  century 
B.  c,  alludes  to  the  blacksmith's  bellows :  **The  smith 
that  bloweth  the  coals  in  the  fire."  Job,  nine  or  ten 
centuries  before  the  Scythian  philosopher  flourished, 
speaks  of  the  blast-furnaee  as  common:  "They 
gather  silver,  and  brass,  and  iron,  and  lead,  and  tiu^ 
into  the  midst  of  the  furnace,  to  blow  the  fre  upon  it 
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to  melt  it  ^'  (xxii.  chapter,  20th  verse).  Homer,  as 
might  be  sup{)osed,  couid  not  fully  describe  the  labor 
t)f  Vulcan  without  referring  to  this  instrument  His 
account  of  the  great  mechanical  work  is  equally  de- 
scriptive of  a  smith  and  his  forge  of  the  present  day: 

Obscure  in  smoke,  his  forges  flaming  round, 
While  bathed  in  sweat  from  fire  to  fire  he  flew; 
And  puffing  loud,  tiie  roaring  bellows  blew, 

Just  as  the  gods  direct,  now  loud,  now  low, 
They  raise  a  tempest,  or  they  gently  blow. 

— Iliad f  xviii.,  435,  646.    Fiope. 

But  by  far  the  most  important  improvement  on  the 
primitive  bellows  or  bag,  was  the  admission  of  air  by 
a  separate  opening — a.  contrivance  that  led  to  the  in- 
vention of  the  valve,  one  of  the  most  essential  ele- 
ments of  steam,  of  water,  as  well  as  pneumatic  ma- 
chinery. The  first  approach  to  the  ordinary  valve 
•  was  a  device  that  is  still  common  in  the  l)ellows  of 

some  African  tribes.  A  bag  formed  of  the  skin  of  a 
goat  has  a  reed  attached  to  it  to  convey  the  blast  to 
the  fire,  and  the  part  which  covered  the  neck  of  the 
animal  is  lefl  open  for  the  admission  of  air.  This 
part  is  gathered  up  in  the  hand  when  the  bag  is  com- 
pressed, and  opened  when  it  is  distended.  ["Ew- 
bank's  Hydraulics,"  235.] 

The  spindle  valve,  or  such  as  have  long  shanks  to 
prevent  their  rising  too  high,  and  to  guide  them  when 
descending^  is  said  to  be  of  French  origin. 

A  safety  valve  is  an  appendage  to  a  steam  boiler 

i  20 
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for  the  purpose  of  limiting  the  pressure  of  steam  ta 
that  consistent  with  the  normal  safety  strength  of  the 
boiler;  it  is,  in  fact,  the  weakest  point  of  a  boiler,  for 
everything  else  resisting  the  steam  pre&sure  must  be 
stronger  than  the  safety  valve — and  its  name  indicates 
its  office.  Therefore,  the  physical  laws  involved  in 
the  operation  of  a  safety  valve  deserve  a  careful  study, 
because  it  is  not  only  a  safety  for  the  steam  boiler,  but 
a  safety  for  human  life  and  property,  depending  upon, 
the  proper  construction  of  the  safety  valve. 

A  safety  valve  should  be  large  enough  to  allow  all 
the  steam  that  may  be  generated  in  the  boiler  to  escape 
with  sufficient  rapidity  to  prevent  initial  blowing-off 
pressure  being  exceeded  by  more  than  five  per  cent. 

It  is  supposed  that  the  gradual  increase  of  pressure 
can  never  take  place  if  the  safety  valve  is  in  good 
working  order,  and  if  we  have  proper  proportions. 
It  should,  however,  be  stated  that  engineers  and  fire- 
men do  not,  in  practice,  place  their  trust  in  the  safety 
valve  alone,  and  thattotheir  watchfulness  and  attention 
the  public  are  more  indebted  for  safety  than  to  the  ap- 
paratus which  is  designed  to  regulate  the  pressure. 

It  is,  however,  an  indispensable  addition  to  a  steam 
boiler,  and  should  be  made,  if  possible,  so  that  under 
its  automatic  action  no  considerable  increase  of  press- 
ure will  be  possible  from  ordinary  evaporation. 

Every  safety  valve  should  be  so  located  that  it  can 
be  opened  by  hand  at  least  twice  each  day  ;  or,  if  not 
convenient  to  so  place  it,  a  cord  should  be  secured  to 
the  lever  or  stem  of  the  valve  so  as  to  operate  it  as 
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Above  to  keep  the  valve  free  and  in  good  working 
order. 

A  safety  valve  should  allow  no  pressure  to  accu- 
mulate beyond  the  point  at  which  it  may  adjusted^ 
nor  should  it  discharge  an  excessive  quantity  before 
closing.  Ever  since  the  days  of  the  illustrious  Doc- 
tor Papin  (Fig.  105)  the  common  type  of  valve  has 
existed,  with  its  peculiar  and  numerous  disadvantages. 
Its  supreme  fault  is  its  limited  action,  and  its  lift  de- 
creases with  adjustment  for  high  pressures,  making 
its  oj)eration  especially  restricted.  So  slight  is  the 
lift  of  an  ordinary  valve  that,  with  a  diameter  of  six 
inches,  it  gives  an  opening  of  less  than  one  square 
inch  of  area.  In  consequence  of  this  imperfection  in- 
creased diameters  are  introduced,  involving  large  fric- 
tion surfaces  with  their  accompanying  corrosion. 
Prominent  among  the  various  enemies  to  perfection 
there  is  the  danger  attending  the  exposure  of  a  safety 
valve  of  the  common  form,  with  its  extended  lever 
stretched  forth  to  receive  any  treatment  which  the 
careless  may  wish  to  employ. 

Some  Facts  for  the  Consideration  of  Boiler   Makers  and 

Boiler  Owners. 

One  of  the  prime  causes  of  boiler  explosions  is  the 
gradual  and  insidious  increase  of  the  pressure  of  steam 
beyond  the  endurance  of  the  boiler;  but  to  every 
boiler  there  is  a  limit  of  pressure  within  which  it  is 
substantially  safe.  This  point  should  be  ascertained 
by  hydraulic  test  annually,  and  no  excess  of  pressure 
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beyond  this  limit  should  be  allowed  at  any  time. 
The  only  «wre  preventive  is  a  safety  valve  which  is 
all  its  name  implies.  The  diameter  of  a  safety  valve 
is  not  a  test  of  its  efBciency.  A  valve  is  efiPective  in 
direct  proportion  to  its  lift,  other  conditions  being 
equal.  The  higher  the  pressure  of  steam,  the  less 
will  a  common  safety  valve  lift;  at  most  its  lift  is 
very  slight,  and  with  the  increasing  pressure  of  steam 
the  lift  will  not  increase  sufficiently  to  relieve  the 
boiler  under  all  circumstances;  but  the  preas^tre  can 
and  may  increase  until  an  explosion  occurs,  while  the 
valve  is  in  operation.  The  common  safety  valve  has 
much  to  answer  for.  Owing  to  the  great  friction  of 
its  parts,  it  will  hot  open  until  the  pressure  is  above 
what  it  is  set  at;  it  will  continue  to  blow  o/ier  the 
pressure  of  the  steam  has  fallen  far  below  the  point 
of  opening;  it  wastes  large  quantities  of  valuable 
steam  in  operation.  There  are  other  grave  faults, 
but  these  stated  are  sufficient  to  condemn  it.  Instead 
of  standing  guard  over  the  boiler,  a  sentry  has  to  be 
set  over  it,  and  should  he  by  accident,  ignorance  or 
negligence,  not  properly  attend  to  his  duties,  the 
boiler  is  without  any  safeguard  whatever.  Hence 
the  importance  of  any  device  which  shall  reduce  the 
danger  to  its  minimum.  A  safety  valve  which  is 
automatic,  certain  in  its  action,  prompt  in  opening 
and  closing  at  the  required  points  of  pressure,  and 
can  be  fully  relied  upon  to  relieve  the  boiler  under 
all  circumstances,  is  what  is  necessary. 

"Necessity  being  the  mother  of  invention/^  the 
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neoessity  for  a  real  safety-valve  has  resulted  in  the 


Fig.  liHi. 

invention  of  several  improved  valves  by  American 
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engineers,  the  most  popular,  efficient  and   reJial)te 
makes  of  which  we  will  now  illustrate  and  describe^  ■ 

• 

Crosby  Adjustable  Pop  Safety  Valve. 

Fig.  106  represents  the  valve  as  designed  by  Geo. 
H.  Crosby,  of  Boston,  Mass.  These  valves  are  tested 
under  steam  pressure  and  set  to  open  at  the  exact 
point  of  pressure  desired^  and  are  adjusted  to  close  at 
about  two  pounds  reduction  ordinarily  ;  both  of  these 
points  can  be  readily  changed  by  the  operator  without 
removing  it  from  the  boiler  or  reducing  steam.  It 
is  believed  any  person  of  ordinary  intelligence  will 
readily  understand  the  principle  and  operation  of  this 
valve  by  the  following  description  and  explanation. 

The  valve  proper  B  B  rests  upon  two  flat  annular 
seats  V  V  and  W  W  on  the  same  plane,  and  is  held 
down  against  the  pressure  of  steam  by  the  steel 
spiral  spring  S.  The  tension  of  this  spring  is  caused 
by  screwing  down  the  threaded  bolt  L  at  the  top  of 
the  cylinder  K.  The  area  contained  between  the 
seats  W  and  V  is  what  the  steam  pressure  acts  upon, 
ordinarily,  to  overcome  the  resistance  of  the  spring. 
The  area  contained  within  the  smaller  seat  W  W  is 
not  acted  upon  at  all  until  the  valve  opens* 

The  large  seat  V  V  is  formed  on  the  upper  edge 
of  the  shell  or  body  of  the  valve  A  A.  The  smaller 
seat  W  W  is  formed  on  the  upper  edge  of  a  cylin- 
drical chamber  or  well  C  C,  which  is  situated  in  the 
centre  of  the  shell  or  body  of  the  valve,  and  is  held 
in  its  place  by  four  arms  D  D  radiating  horizontally 


f 
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M;  Tight  angles  to  each  other,  and  connecting  it  with 
the  Ijody  or  shell  of  the  valve.  These  arms  are 
hollow,  and  form  four  passages  E  E  for  the  escape 
of  the  steam  or  other  fluid  from  the  well  into  the  air 
when  the  valve  is  open.  This  well  is  deepened  so  as 
to  allow  the  wings  X  X  of  the  valve  proper  to  project 
down  into  it  far  enough  to  act  as  guides.  The  area 
of  the  apertures,  at  the  outer  ends  of  the  passages 
through  the  arms,  is  reduced  more  or  less  at  will,  by 
screwing  up  or  down  the  adjustable  ring  G  G. 

Action  of  the  Valve  when  Working  under  Steam. 

When  the  pressure  under  the  valve  is  within  about 
one  pound  of  the  maximum  pressure  required,  the 
valve  will  open  slightly,  and  the  steam  will  escape 
under  the  larger  seat  into  the  cylinder  surrounding  the 
spring,  thence  into  the  air;  the  steam  is  also  forced 
under  the  smaller  seat  into  the  well,  and  thence 
through  the  passages  in  the  arms  into  the  air.  As 
soon  as  the  pressure  attains  the  exact  maximum 
point,  the  valve  will  be  lifted  so  high  as  to  force  the 
steam  into  the  well  faster  than  it  can  esca{)e  through 
the  apertures  in  the  arms;  a  pressure  will  then 
accumulate  under  the  inner  seat,  which  will  be  in 
excess  of  what  was  required  to  overcome  the  increas- 
,ing  resistance  offered  by  the  spring,  and  acting  upon 
the  additional  area  presented,  at  once  forces  the  valve 
wide  open  and  rapidly  relieves  the  boiler.  This 
pressure  under  the  inner  seat  is  of  itself  differential. 
The  valve  then  at  once  slowly  settles  down  and  the 
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presbure  (iiKler  the  inner  seat  as  slowly  diminiflies; 


5  until  the  area  of  the  opening,  iiiidt^ 
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the'  smaller  or  inner  seat,  is  less  than  the  area  of  the 
apertures  in  the  arms  for  the  escape  of  the  steam  ;  the 
pressure  then  ceases  and  the  valve  promptly  closes. 
The  point  of  opening  can  be  readily  changed  while 
under  steam  by  screwing  the  threaded  bolt  at  the  top 
of  the  cylinder,  either  up  or  down ;  and  the  point  of 
closing  is  as  easily  adjusted,  by  screwing  up  or  down 
the  ring  surrounding  the  outside  shell  or  body  of  the 
valve.  The  seats  of  this  valve  are  flat  and  do  not 
wear  out  and  leak  so  readily  as  bevelled  seats. 

Directions  for  Grinding  and  Adjusting. 

Grinding. — This  valve  having  flat  seats  on  the 
same  plane  is  very  easily  ground  by  following  these 
directions,  viz. :  Do  not  grind  the  valve  to  its  seats 
on  the  shell  by  grinding  them  together,  but  grind 
each  part  separately,  i,  e.,  grind  the  valve  proper  on 
a  perfectly  flat  surface  of  iron  or  steel,  until  its  two 
bearings  are  exactly  on  a  j>lane  and  with  good  smooth 
surfaces ;  then  take  the  shell  and  grind  its  seats  in 
precisely  the  same  manner ;  rinse  both  parts  in  water 
and  put  together,  and  the  valve  will  be  found  to  be 
tight ;  to  ascertain  when  the  bearings  are  on  the  same 
plane  use  a  good  steel  straight  edge. 

ADJUSTiNGk — First  screw  the  ring  down  as  far  as 
it  will  go ;  then  screw  down  the  nut  which  compresses 
the  spring,  until  the  valve  opens  slightly  at  the  press- 
ure desired,  as  indicated  by  the  steam  gauge;  then 
screw  up  the  ring  slowly  until  the  valve  pops.  If 
the  loss  by  relief  is  too  great,  screw  the  ring  down 


346       PRACTICAL   STEAM    ENGINEER'S   GUIDE. 

slightly  until  the  loss  is  the  exact  number  of  [touUrfs 
desired,  and  then  fasten  by  the  set  screw. 


Fig.  108.— New  Style,  Cnisby  Lnck-Uji  Pop  Safely  Valve  for 

Staliouury  Boilers. 

Caution. — Care  should  he  taken  that  no  red  lead, 

chips,  or  auy  hard  substance  be  left,  in  the  pipes  or 
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couplings  when  connecting  the  valve  with  the  boiler. 
Jfever  make  a  direct  connection  by  screwing  a  taper 
thread  into  the  valve,  but  make  the  joint  with  the 
valve  by  the  shoulder. 

The  Scovell  Pop  Safety  Valve. 

The  Scovell  "  Pop  "  Safety-Valve,  for  locomotive, 
stationary,  portable  and  marine  boilers  (see  Fig. 
109),  has  recently  been  brought  out  by  the  Hancock 
Inspirator  Co.,  Boston,  Mass. 

The  passage  T>  forms  the  steamway  between  the 
valves  B  and  C.  The  passage  F  conveys  steam  from 
the  boiler  to  the  valve  B.  The  passage  G  conveys 
steam  from  the  boiler  to  the  valve  A. 

A  set  screw  is  used  for  the  purpose  of  regulating 
the  lift  of  the  main  valve  A. 

The  cap  suwpunding  the  spring  spindle  M  regu- 
lates the  tension  of  the  coil-  spring. 

A  lever  is  provided  for  the  purpose  of  opening  the 
valves  by  hand.  The  openings  J  K  are  for  the  pur- 
pose of  allowing  steam  to  escape  into  the  atmosphere 
from  the  valves. 

In  operation,  the  valve  B,  it  will  be  understood, 
simply  operates  the  valve  C.  The  valve  B  relieves 
the  boiler.  The  valve  B  and  lower  disc  of  valve  C 
are  fitted  so  loosely  in  their  cases,  that  steam  freely 
passes  around  and  above  them,  forming  a  steam 
counter-presssure  or  load  above  the  valve  B.  When 
the  valves  are  at  rest  their  chambers  are  filled  with 
steam  at  boiler  pressure,  and  at  all  tiToes  the  boiler 
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pressure  acts  upon  the  lower  disc  of  Valve  C  and  the  | 

annular  space  surrounding  the  seat  of  valve  B,  but  ! 

not  so  above   them,  as  will  be  observed   from  the  | 

following  description.  The  above  description  refers 
to  the  valve  at  rest.  Its  action  in  "blowing  off''  is 
as  follows :  As  soon  as  the  boiler  pressure  becomes 
greater  than  the  resistaiice  of -the  coil  spring,  the  valve 
C  is  forced  upwards  froni  off  its  seat.  A§  this  oixjurs, 
the  steam  pressure  above  the  valve  B  and  lower  disc 
of  valve  C  begins  to  escape  into  the  atmosphere, 
through  the  seat  of  valve  C  and  openings  J  K.  The 
boiler  pressure  continues  to  increase  slightly  until  the 
valve  C  has  opened  sufficiently  to  allow  the  steam 
load  above  the  valve  B  to  escape  through  a  passage 
and  through  the  seat  of  valve  C,  and  into  the  at- 
mosphere more  rapidly  than  it  can  get  on  top  of  and 
around  the  looselv  ifitted  valves.  The  valve  B  then 
opens  to  its  full  height,  and  relieves  the  boiler  of  its 
excessive  pres.^ure,  when  the  coil  spring  again  forces 
the  valve  C  back  to  its  seat,  causing  the  pressure  to 
again  accumulate  in  the  chamber  above  the  valve  B, 
and  force  it  back  to  its  seat  on  top. 

A  trip  lever  is  so  arranged  that  a  downward 
pressure  causes  it  to  lift  the  spring,  and  causes  the 
valves  to  "  blow  off,"  but  an  upward  movement  of  the 
lever  will  not  exert  any  force  on  the  valve  to  hold  it 
down.  The  pressure  can  be  easily  changed  at  any 
time,  by  altering  the  tension  of  the  coil  spring  with 
the  cap  screw. 

It  is  claimed  for  the  Scovell  "  Pop  "  Safety  Valve^ 
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that  itft  relieving  capacity  is  lint  restricted,  and  that 


Fig.  109. 
it  lifts  to  its  full  height  with  all  pressures,  presenting 
ail  opening  equal  to  the  aruu  of  its  dJsehar^  pii>e. 
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Its  seats  are  of  the  simplest  form,  and  its  precision 
of  action  is  not  subject  to  derangement  by  the  wearing 
of  its  valves  or  their  seats.  No  especial  adjustment 
is  necessary,  and  the  seats  can  be  reground  or  renewed 
without  especial  skill.  Its  friction  surfaces  are  re- 
duced to  a  minimum.  The  spring  is  not  subjected  to 
violent  and  sudden  compression.  It  is  thoroughly 
self-contained,  and  is  exempt  from  the  dangers  of 
being  tampered  with.  It  opens  with  promptness  and 
closes  with  a  slight  loss  of  pressure. 

It  is  constructed  of  the  best  steam  metal,  whick 
affords  the  greatest  immunity  from  corrosion.  These 
pop  valves  are  manufactured  with  or  without  flanges 
and  of  various  modifications,  to  meet  all  conditions. 
The  outlets  are  also  made  suitable  for  locomotive  and 
portable  boilers,  where  no  escape  pipe  is  required. 
The  manufacturers  are  the  IXanc^Ksk  Itt'^pi.rator  Co., 
34  Beach  St.,  Boston,  Mass. 


CHAPTER  XIII. 

STEAM  GAUGES. 

Boufdon  Pressure  Gauge. 

About  the  year  1849  Eugene  Bourdon,  of  France, 

discovered  that  the  free  end  or  ends  of  a  flattened 

tube,  with  enough  elasticity  for  use  as  a  spring,  would 

move  when  pressure  was  applied  through  the  medium 


Fig.  110. 
of  a  fluid,  externally  or  internally;  that  the  motion 
was  in  direct  proportion  to  the  pressure  applied,  and 
when  the  pressure  was  removed  it  would  assume  its 
former  position.  He  at  once  conceived  the  idea  of  s 
(351) 
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new  pressure  gauge,  in  which  this  should  be  the  matn 
spring  or  means  of  motion,  and  as  originally  designed 
(see  Fig.  110)  far  excels  any  other  instrument  for  sen- 
sitiveness and  accuracy,  but  is  best  adapted  for  meas- 
uring low  steam  pressure  and  vacuums,  or  wherever 
a  very  delicate  instrument  is  required. 

Crosby  I^ipiroyed  Pressure  Gauge. 

Although  it  is  conceded  that  the  hollow  spring 
gauge,  as  invented  by  Bourdon,  excels  in  delicacy 
and  sensitiveness,  yet,  owing  to  its  peculiar  construc- 
tion, it  is  not  altogether  adapted  for  general  use.  It 
has  l>een  found  that  a  spring  held  only  at  one  end  vi- 
brates from  a  slight  shock  or  sudden  change  of  press- 
ure, causing  the  pointer  to  oscillate  on  the  dial,  wear- 
ing out  the  delicate  mechanism  operating  it,  and  ren- 
dering it  difficult  to  ascertain  the  exact  pressure  to  be 
indicated  in.  use;  and  further,  that  the  dip  of  such  a 
spring  causes  it  to  reta;in  a  portion  of  the  water  con- 
densed in  it,  rendering  it  liable,  in  cold  weather,  to 
burst  or  be  strained  by  freezing.  To  overcome  these 
defects  several  devices  have  been  made  use  of  from 
time  to  time,  but  they  have  invariably  been  sul^ect  to 
other  grave  defects,  the  more  important  being  the  set- 
ting or  straightening  of  the  springs  employed,  when 
acted  upon  by  a  pressure  less  than  the  maximum  in- 
dicated upon  the  dial,  so  rendering  the  gauge  inaccu- 
rate and  worthless.  To  meet  the  need  of  those  want- 
ing a  secure  and  reliable  gauge,  the  Crosby  Improved 
Bourdon  Gauge  was   produced;    the   interior   view 
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being  seen  in  Fig.  Ill,     It  originated  from  observa- 
tiuus  made  of  the  motions  of  the  free  ends  of  the 


Fig.  112. 
springs  or  tubes  already  in  uae,  wliile  under  vurialile 


< 
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pressures.     It  was  found  that  not  ouly  the  horizontal  | 

motion  of  the  springs  could  be  utilized^  which  then 
was  only  employed  in  the  gauges  in  use,  but  also  that 
of  the  upward  or  perpendicular  action  of  the  same  L 

spring,  if  of  a  given  length ;  and  that  by  uniting 
these  motions  by  pro{)er  mechanism  it  all  could  be 
transmitted  to  the  pointer.  This  permitted  and  re> 
quired  firmer  or  stiifer  springs  for  measuring  like 
quantities  of  pressure  than  any  before  used ;  experi- 
ence has  shown  that  under  no  circumstances  of  press- 
ure employed,  within  the  amount  indicated  upon  the 
dial,  can  they  be  straightened  or  their  original  elas- 
ticity aiTected.  This  device  also  avoids  and  prevents 
any  vibration  of  the  pointer  under  action ;  and  the 
springs  being  held  at  their  lowest  points,  and  having 
no  dip,  allow  the  water  to  return  to  the  siphon,  thus 
removing  the  danger  of  freezing  by  extreme  cold. 
While  this  gauge  partakes  of  all  the  good  qualities 
of  the  original  Bourdon,  the  defects  are  carefully 
eliminated,  and  the  use  of  springs  one  hundred  per 
cent,  stronger  than  can  be  used  in  any  other  style  of 
gauge  is  permitted,  so  preventing  its  setting  under  any 
pressure  thai  may  be  indicated  upon  its  dial. 


CHAPTER  XIV. 

PBACTICAL  NOTES  ON  THE  MANAGEMENT  OF  STEAM 

ENGINES  AND  BOILERS. 

Grate-Bars. 

Qtiestion.  What  are  the  proper  length  and  size  of 
grate-bars  ? 

An8wet\  When  the  furnace  is  more  than  four  (4) 
feet  long  the  bars  should  be  put  in  in  two  lengths, 
but  if  it  is  four  feet  or  less  in  length,  one  bar  will 
suflBce,  in  which  case  only  two  bearing  bars  will  be 
required.  When  a  center  bearing  bar  is  used  for  two 
lengths,  it  should  be  made  like  a  double  grate-bar, 
that  is,  with  an  opening  or  air-space  in  the  middle. 
Grate-bars  when  hot  expand  considerably,  and  there- 
fore they  should  not  be  put  in  tight,  or  too  close  to- 
gether, but  should  have  both  end  and  side  play, 
otherwise  they  will  bend  and  twist  out  of  shape  and 
soon  be  destroyed. 

Glass   Gauges. 

Q.  What  are  glass  gauges  ?  * 

A,  Glass  gauges  are  simply  thick  glass  tubes  at- 
tached to  the  boiler  for  the  purpose  of  showing  the 
height  of  the  water  in  the  boiler,  the  same  as  gauge- 
cocks.     They  are  more  convenient  than  the  gauge- 

(355) 
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cocks,  as  the  height  of  tite 
water  vaa  be  seen  at  a  glance. 
As  these  gauges  are  liable  to 
get  stoppeii  up  by  nmd  or 
other  impurities  in  the  water, 
they  hlioiild  be  blown  tliroiigli 
oceasionally  to  see  tiiat  they 
are  clear.  The  glass  gauge 
should  not  be  attached  di- 
rectly to  the  boiler,  but  to  a 
pipe  leading  from  the  steam- 
cliiraney  down  to  the  solid 
water  below,  over,  or  near 
the  ci  own-slieet.  In  this  po- 
sition it  will  not  be  affected 
by  the  foaming  of  the  water. 
When  putting  in  a  new  glass 
tube,  should  it  he  too  long, 
you  can  cut  it  ofi'  as  much  as 
required  by  merely  scratch- 
ing it  on  the  inside  with  a 
small  round  file.  Any  per- 
son who  has  never  tried  this 
method  will  be  surprised  how 
quickly  and  nicely  it  can  be 
done.  Little  gum  washers 
for  packing  the  glass  tube 
can  be  had  at  all  dealers  in 
engineer's  stores,  or  they  eon 
be  made  out  of  sheet  gum. 
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Some  engineers  pack  them  with  ]amp\i^ick;  but  i.  pre- 
fer the  prepared  gum  wasliers.  As  glass  gauges  are 
verv  liable  to  break,  a  number  of  extra  ones  should 
alwaysbe  kept  on  hand. 

•  •  •  • 

Oauge-Cocks. 

Q,  What  are  gauge-cocks,  and  what  are  they  used 
for? 

A,  Gauge-cocks  are  small  plug-cocks  screwed  into 
the  boiler  to  show  the  height  of  the  water.  They  are 
generally  three  in  number,  and  placed  one  above  the 
other,  about  3  inches  apart;  the  lower  one  should  be 
fixed  just  above  the  level  of  the  upper  row  of  tubes, 
or  back  connection  plate,  and  the  water  should  nefoer 
be  allowed  to  get  below  it;  if  it  does  the  tubes  and 
connections  will  get  overheated,  and  then  should  the 
feed- water  be  put  on  an  explosion  would  be  the  re- 
sult 

Low  Water. 

Q.  But  suppose,  owing  to  the  feed-pump  not  work- 
ing, the  boiler  foaming,  or  any  other  cause,  the  water 
should  fall  below  the  lowest  gauge-cock,  what  is  to 
be  done  ? 

A.  If  the  fires  are  light,  and  they  can  be  hauled 
quicMy,  haul  them ;  but  should  they  be  heavy,  the: 
better  plan  is  to  smother  the  fire  with  fresh  coal,  dust, 
crashes  out  of  the  ash-pans;  this  will  kill  the  fire 
for  some  time  and  render  it  harmless.  Do  not  at- 
tempt to  put  the  fire  out  by  throwing  water  into  the 
furnace,  or  the  steam  will  rush  out  and  scald  you  to 
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death.  Do  not  raise  the  safety-valve,  or  open  the- 
stop-valve,  or  do  anything  that  will  lift  the  water  up., 
to  the  hot  tubes  or  sheets;  open  the  furnace  door  and 
connection  doors,  and  let  the  boiler  cool  off;  in  an: 
hour  or  so  you  can  fill  it  up  again  with  a  hand  pump. 
In  sorae  boilers,  with  contracted  water  and  steam- 
room,  the  water  will  be  lifted  several  inches  above  its 
true  level,  while  the  engine  is  in  motion,  and  will  fall- 
as  soon  as  the  engine  stops ;  thus,  such  a  boiler  might 
show  six  inches  of  water  in  the  glass  gauge,  or  gauge- 
cocks,  while  the  engine  was  in  motion,  and  yet  drop, 
entirely  out  of  sight  on  stopping  the  engine;  should 
this  happen  you  should  start  the  engine  again,  or 
faise  the  safety-valve  to  lift  the  water,  and  keep  it 
lifted  while  you  pump  more  in.  The  first  tbfhg  to 
do  in  every  case,  when  you  stop  the  engine,  is  to  see 
how  the  water  stands  in  the  boiler.  Boilers  addicted 
to  foaming  are  dangerous,  and  need  close  watching. 

Q.  Do  boiler-makers  always  place  the  glass  water- 
gauge  and  gauge-cocks  in  their  proper  positions  ? 

A.  They  should  do  so,  but  they  often  misplace 
them.  When  the  top  row  of  tubes  and  back  connec- 
tions are  covered  with  water  to  the  depth  of  three  inches, 
the  water  should  just  be  seen  in  the  glass  gauge  and 
show  in  the  lowest  gauge-cock,  and  it  will  if  it  be 
properly  set.  I  once  had  charge  of  a  boiler  which 
showed  four  inches  of  water  in  the  glass,  when  the  up- 
per row  of  tubes  was  bare,  and  another  which  had 
eight  inches  of  water  over  the  tubes,  when  the  water 
could  just  be  seen  in  the  glass  gauge.     Now,  the. 
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proper  thing  for  every  engineer  to  do  on  taking 
dbarge  of  an  entirely  new  or  strange  boiler,  is  to  fill 
the  boiler  (leaving  the  manhole  open)  so  as  to  cover 
the  top  row  of  tubes  or  flues,  and  top  of  back  con- 
nection, and  then  notice  where  it  stahds  in  the  glass 
gange  and  mark  it;  he  can  then  always  tell  at  a 
glance  how  the  water  stands  in  the  boiler.  No  doubt 
a  great  many  boiler  explosions  have  resulted  from 
this  very  cause  of  misplaced  glass  gauges,  they  show- 
ing/plenty  of  water  when  the  tubes  were  actually 
bare  and  red-hot. 


How  to  Set  a  Safety- Valve. 

Q.  Will  you  inform  me  how  to  set  a  safety-valve  ? 
A.  As  shown  in  the  following  figure: 


Fig.  114. 


Let — ^P   ==  Power. 
W=--  Weight. 
&   =  Short  arm. 
L  =  Long  arm. 
Then: 
P    X    S  -^  L  =  W. 
W  X    L  -*-  S    =  P. 
S     X    P  -^  .W  =  L. 
L    X    W  -5-  P    =  S. 


Short  arm  is  the  distance  A — 


B. 


Long  arm  is  the  distance  A — 

a 

Power  is  area  of  valve,  multi^ 
plied  by  steam  pressure. 

Area  of  valve  is  found  by  mul- 
tiplying the  square  of  its  diame- 
ter by  the  decimal  .7854. 


Example. — Suppose  in  the  above  figure  we  have 
the  following  dimensions : 

Diameter  of  valve  3  inches ;  pressure  of  steam  20 
pounds  per  square  inch ;  length  of  short  arm  {a — b) 
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•3  inches ;  length  of  long  arm  (a — e)  30  inches.     To 
find  the  required  weight,  we  first  find  the  power : 

3 
3 


9 

.7854 

7.0686    =  Area  of  valve. 
20  =  Pressure  of  steam. 


141.3720  =  Power. 

Now,  leaving  out  the  fraction  (.3720),  we  take  the 
power,  141,  which  is  near  enough  for  practical  pur- 
poses, and  multiplying  it  by  the  short  arm,  3,  and 
dividing  by  the  long  arm,  30,  we  have  14^\  pounds 
as  the  proper  weight  of  the  ball  to  balance  the  press- 
ure of  20  pounds  per  square  inch.     Thus: 


141 
3 

30)423(14^1^  — W. 
30 

. 

123 
120 

— — ■ 

141 

I^-oof. 

X      3      —    42S.       ' 
X      30    —    423. 

In  the  above  the  weight  of  the  valve,  stem,  and 
lever  is  not  included.  Tiie  weight  of  these  can  be 
easily  found  by  using  a  spring  balance,  lifting  them 
from  the  point  B.  Suppose  in  the  above  case,  the 
valve,  stem,  and  lever  weigh  4  pounds.  We  deduct 
that  amount  (4  pounds)  from  the  power  (141),  which 
leaves  an  unbalanced  pressure  of  137  pounds.  Then, 
137  X  3=411,  which  divided  by  30=13T'tf,  the  weight 
of  the  ball.     The  engineer  cixn  set  his  safety-valve  in 
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a  practical  manner  by  sliding  the  weight  in  or  out  on 
the  lever,  and  marking  it  where  the  valve  just  begins 
to  blow  at  different  pressures. 

Proper  Lift  of  a  Valve. 

Q.  What  is  the  proper  lift  of  a  valve? 

A.  The  proper  lift  of  any  round  or  conical  valve, 
be  it  a  safety-valve,  check-valve,  or  poppet-valve,  ia 
J  of  its  diameter. 

Thus  a  4  inch  valve  has  1  inch  lift. 


2 

"     J 

1 

"     i 

6 

"     H 

6 

"  n 

8 

"     2 

Divide  the  diameter  by  4,  and  the  result  will  be 

the  proper  lift. 

Repairs  to  Boilers. 

Owing  to  imperfections  in  the  iron,  small 
cracks  often  appear  in  the  crown-sheet,  flues,  and 
back  connections.  If  in  the  crown-sheet,  and  not 
more  than  tvm  inches  in  length,  drill  a  hole,  cutting 
the  crack  out,  cut  a  taper  thread  and  insert  a 
wrought-iron  gas  plug  (a  number  of  which  of  differ- 
ent sizes  should  be  carried  for  that  purpose)  smeared 
with  white  lead. 

If  in  a  flue,  drill  a  number  of  small  holes,  and  put 

in  small  rivets,  hammering  the  heads  out  so  as  to 

cover  the  crack. 

If  the  crack  is  more  than  two  inches  long,  or  if  it 
31 
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be  a  large  hole  which  cannot  be  plugged,  then  you 
must  put  on  a  hard  patch,  and  if  the  patch  cannot  be 
riveted  on,  then  put  it  on  with  tap-bolts  screwed  into 
the  sheet.  Care  must  be  taken  to  admit  water  to  the 
patch,  else  the  fire  will  soon  destroy  it. 

Hard  patches  should  be  used  on  all  parts  reached 
by  the  fire,  and  soft  patches  on  the  other  portions. 

Q.  What  is  the  difference  between  a  hard  patch 
and  a  soft  patch  ? 

A.  A  hard  patch  is  riveted  on  or  put  on  with  tap- 
bolts  ;  a  soft  patch  with  bolts  and  nuts. 

Q.  What  is  the  proper  way  to  put  on  a  soft  patch? 

A.  You  first  make  a  pattern  of  the  needed  patch 
out  of  sheet-lead,  then  take  a  piece  of  boiler-plate, 
and  forge  a  patch  as  near  like  the  lead  pattern  as 
possible.  Then  drill  as  many  5-8  holes  as  are  neces- 
sary, about  3  inches  apart  in  the  sheet,  and  corre- 
sponding ones  in  the  patch.  Next,  mix  some  boiler- 
maker's  cement,  which  is  made  of  equal  parts  of 
white  and  red  lead  mixed  with  enough  iron  borings 
to  make  it  a  stifle  putty ;  cover  the  inside  of  this  patch 
with  this  putty,  and  it  is  ready  to  go  on.  Next, 
wrap  some  5-8  bolts  with  lampwick  smeared  with 
white  lead,  pass  the  bolts  through  from  the  insidej 
and  set  the  nuts  up  tight,  placing  a  washer  between 
ull  the  nuts  and  patch. 

Q.  Suppose  the  patch  is  so  situated  that  the  bolts 
cannot  be  put  through  with  the  hand  ? 

A.  Then  they  must  be  "  fished "  through.  Take 
a  long  piece  of  wire,  pass  it  through  the  bolt-hole 
and  out  through  the  hand-hole,  then  tie  the  bolt  to 
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(he  wire  with  a  piece  of  strong  string,  giving  about 
fin  inch  slaclc,  haul  out  tlie  wire  and  the  bolt  will 
come  out  nicely  in  its  place.     This  is  called  Sshing 
a  bolt,  from  its  resemblance  to  hauling  in  a  fish. 
Leaky  Tubes. 

Q.  What  is  the  proper  way  to  pi  iig  up  a  leaky  tube  ? 

A.  Suppose  the  tube  is  3  iiiciies  in  diameter,  and 
7  feet  long.  You  take  two  white-pine  plugs  3  inches 
in  diameter,  tapering  off  to  2  7-8  inches,  and  about  4 
inches  long.  Next,  bore  a  3-4  inch  hole  through  the 
centre  of  the  plug.  Take  a  5-8  inch  bar,  7  feet  4 
inches  long,  with  a  thread  cut  two  inches  in  length 
on  each  end.  Run  the  bar  through  the  tube,  put  in 
the  pine  plugs,  and  drive  them  in  flush  with  the  tube. 
Place  a  saucer-shaped  washer  filled  with  red  lead, 
putty,  or  boiler-maker's  cement,  on  each  plug,  and 
screw  up  tight  with  nuts. 

The  following  cut  will  show  at  a  glance  how  this 
is  done : 


Fig.  lis. 

Q.  Should  not  every  boiler  have  two  steam^uges 
attached  to  it? 

A.  As  nothing  made  by  humaii  hands  is  perfect, 
steam-gauges   form   no  exception  to  the   rule,  and 
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Fig.  116. 

therefore  there  should  be  two,  so  tiiat  oue  may  act  as 
a  check  upon  the  other.  But  they  should  each  be 
attached  to  tlie  boiler  by  a  separate  pipe,  because  if 
tliey  are  both  £xed  to  one  pipe  and  that  gets  stopped 
up  both  gauges  will  be  in  error. 

Q.  Do  not   the  pointers  of  steam  and  vacuum- 
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gauges  vibrate  violently  sometimes,  owing  to  the 
fluctuating  pressure  in  the  boiler  or  condenser  while 
the  engine  is  in  motion  ? 

A,  When  they  do  so,  turn  the  cock  on  the  gauge 
off  until  the  pointer  remains  aJmod  stationary,  other- 
wise the  springs  which  are  very  delicate  will  be 
weakened,  making  the  gauge  unreliable. 

Q,  Do  not  the  pointers  sometimes  stick  fast  ? 

A,  If  they  do,  jar  the  gauge  by  slapping  it  with 
the  band  so  as  to  knock  the  pointers  down. 

Vacuum. 

Q,  What  is  a  vacuum  ? 

A,  A  vacuum  means  an  empty  space. 

Q,  How  is  a  vacuum  in  a  steam  engine  produced? 

A.  After  the  steam  has  done  its  work  in  the  cyl- 
inder it  is  exhausted  into  the  condenser,  where  it  is 
condensed  (turned  into  water  again)  by  a  shower  of 
cold  water;  it  then  falls,  in  the  shape  of  hot  water, 
to  the  bottom  of  the  condenser,  and  the  ^pcvoe  above 
the  water  in  the  condenser  is  a  vacuum. 

Q,  Is  the  vacuum  in  the  condenser  a  perfect  one? 

A.  No ;  as  more  or  less  vapor  always  follows  the 
condensation  of  the  steam,  and  besides  a  small  quan- 
tity of  air  enters  with  the  condensing  water.  When 
a  vacuum-gauge  shows  more  than  28  inches  of  va- 
cuum, the  gauge  is  out  of  order  and  unreliable;  as 
28  inches  (30  inches  being  perfect)  is  about  all  that 
it  is  possible  to  obtain  in  a  steam  engine,  assertions 
to  the  contrary  notwithstanding* 


366       PRACTICAL  STEAM   ENGINEER'S  GUIDE. 

Back- Pressure. 

Q,  What  is  meant  by  back-pressure? 

A.  As  it  is  impossible  in  practice  to  obtain  a  per- 
fect vacuum  in  the  steam  engine  there  is  always  more 
or  less  vapor  opposed  to  the  motion  of  the  piston,  and 
thia  is  what  is  called  back-pressure ;  it  is  the  differ- 
ence between  a  perfect  vacuum  and  that  shown  on  the 
vacuum-gauge.  Every  two  (2)  inches  of  vacuum 
equal  one  (1)  pound  pressure. 

How  to  Read  the  Counter,  or  Register. 

Q.  How  do  you  ascertain  the  number  of  revolutions 
made  per  minute  by  the  engine  by  the  counter? 

A.  Note  the  figures  on  the  counter  at  any  time, 
and  in  one  hour  note  them  again  ;  subtract  the  former 
from  the  latter,  which  will  give  the  number  per  hour, 
which  divided  by  60  will  give  the  number  per  minute. 
Example :  Suppose  your  counter  shows  the  number 
1878,  and  at  the  end  of  the  hour  it  shows  4878. 
Then— 

4878 
1878 


60)3000  — Per  hour. 
50  =  Per  minute. 

Marking  Engines. 

Q.  What  advice  would  you  give  to  an  engineer  on 
taking  charge  of  a  new  or  strange  engine  ? 

A,  He  should  mark  with  a  scriber,  or  cold  chisel, 
the  different  working  parts,  so  he  can  easily  replace 
them,  should  they  slip.     Thus,  should  he  mark  the 
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eccentric  and  shaft  at  the  same  time,  and  if  the  eccen- 
tric should  afterward  slip,  he  can  easily  reset  it  by 
merely  bringing  the  chisel-mark  on  the  eccentric  in 
contact  with  the  mark  on  the  shaft.  All  keys  should 
be  marked,  and  then  you  can  tell  at  a  glance  if  they 
are  working  loose.  Set-screws  are  a  very  unreliable 
means  to  secure  eccentrics  or  other  parts  together,  and 
they  should  never  be  used  when  they  can  be  secured 

by  a  key. 

Horse-power  of  an  Engine. 

Q.  What  is  meant  by  the  horse-power  of  an  engine? 

A.  A  horse-power  is  equal  to  lifting  33,000  pounds 
one  foot  high  in  one  minute. 

Q.  How  is  the  horse-power  of  an  engine  deter- 
mined? 

A.  Find  the  number  of  square  inches  in  the  piston, 
then  multiply  that  by  the  pressure  of  steam  plus  the 
pressure  due  to  the  vacuum,*  and  then  multiply  this 
sum  by  the  number  of  feet  the  piston  travels  per  min- 
ute, and  divide  by  33,000 ;  the  result  is  the  horse- 
power. 

Q.  How  do  we  find  the  number  of  square  inches 
in  the  piston  ? 

A,  Square  the  diameter,  and  multiply  by  the  deci- 
mal .7854. 

Q.  Will  you  give  an  example  ? 

A.  Suppose  your  engine  is  40  inches  in  diameter, 
and  10  feet  stroke,  and  makes  20  revolutions  per 
minute.     Pressure  of  steam  per  gauge,  30  pounds 

*  If  a  ooDdeusing  engine. 
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per  square  inch.  Vacuum  26  inches— not  pounds. 
As  30  inches  of  vacuum  is  equal,  in  round  numbers, 
to  15  pounds  pressure,  every  two  inches  of  vacuunr 
equal  one  pound  pressure.* 

Now,  we 'square  the  diameter  40 
by  multiplying  it  by    40 

1600 
And  that  by  the  decimal  .7854 

6400 
8000 
12800 
•  11200 


inches  in  the  piston. 


1256.6400  which  is  the  number  of  square 


Now,  leaving  out  the  fraction  .6400,  we  take  the 
whole  number  1256  (which  is  near  enough  for  prac- 
tical purposes)  and  multiply  it  by  the  pressure,  which 
is: 

Steam  30 
Vacuum  13 

43  =  total  pressure. 
1256  =  square  inches. 
43  =  pressure. 


3768 
5024 


54008 
And  that  by       400  =  speed  of  piston  in  feet  per  minute. 

33.000)21603200(654U5  g  2  Horse-power. 
198000 

180320 
165000 


153200  20  revolutions. 

132000  20  feet  per  revolution. 

21200  400  feet  per  minute. 


.  *In  non-condensing  engines,  there  being  no  vacuum,  the  pressure 
due  to  it  is  omitted.  In  such  a  case  the  steam  pressure  (30)  would 
alone  be  used  in  the  above  example. 
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which  gives  654  and  a  fraction  horse-power.  In  this 
example  the  steam  follows  full  stroke,  and  the  engine 
exerts  its  greatest  power.  When  the  steam  is  cut  off* 
the  mean  pressure  must  be  taken;  but  it  is  always 
best  to  calculate  with  full  stroke,  and  thereby  find  the 
greatest  power  the  engine  is  capable  of  exerting. 

To  find  the  Mean  Pressure. 

Q.  Can  I  find  the  mean  pressure  by  means  of  hy- 
perbolic logarithms? 

A.  Yes;  divide  the  length  of  the  stroke  by  the 
length  of  the  space  into  which  the  steam  is  admitted  ; 
find  in  the  table  the  logarithm  of  the  number  nearest 
to  the  quotient,  to  which  add  1,  the  sum  is  the  ratio 
of  the  gain ;  then  find  the  terminal  pressure  by  di- 
viding the  initial  pressure  by  the  proportion  of  the 
stroke  during  which  the  steam  is  admitted,  and  mul- 
tiply it  by  the  logarithm  -f-  1,  found  as  above;  the 
product  will  be  the  mean  pressure  through  the  stroke. 

Example  1. — Suppose  the  length  of  the  stroke  to 
be  48  inches,  the  initial  pressure  to  be  40  pounds  per 
square  inch,  and  the  steam  to  be  cut  off^  at  12  inches 
of  the  stroke,,  what  will  be  the  mean  pressure  ? 

48-T-12=4.  Hyp.  log.  of  4=1.38629 -f- 1=2.38629. 

Then,  40-t-4=10  x  2.38629=23.8629  pounds,  the 
mean  pressure  required. 

Example  2.-- Suppose  the  length  of  the  stroke  to 
be  36",  initial  pressure  to  be  50  pounds  per  square 
inch,  and  the  steam  to  be  cut  ofl^  at  9"  of  the  stroke, 
what  will  be  the  average  pressure? 
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36-^9=:=4.  Hyp.  log.  of  4=1 .38629 + 1=2.38629. 
Then  50-r-4=l  2.5  X  2.38=29.75,  mean  pressure  re- 
quired. This  is  correct  without  taking  the  clearance 
into  account.  With  the  clearance  added  the  mean 
pressure  would  be  slightly  greater. 

Table. 


No. 

Logarithm. 

No. 

Logarithm. 

No. 

Logarithm. 

1.25 

.22314 

6. 

1.60943 

9.5 

2.25129 

1.5 

.40546 

6.25 

1.65822 

10. 

2.30258 

1.75 

.65961 

6.5 

1.70474 

11. 

2.39789 

2. 

.69314 

6.75 

1.74919 

12. 

2.48490 

2.25 

.81093 

6. 

1.79175 

13. 

2.56494 

2.5 

.91629 

6.25 

1.83258 

14. 

2.63905 

2.75 

1.01160 

6.5 

1.87180 

15. 

2.70805 

3. 

1.09861 

6.75 

1.90954 

16. 

2.77258 

3.25 

1.17865 

7. 

1.94591 

17. 

2.83321 

3.5 

1.25276 

7.25 

1.98100 

18. 

2.89037 

3.76 

1.32175 

7.5 

2.01490 

19. 

2.94443 

4. 

1.38629 

7.75 

2.04769 

20. 

2.99573 

4.25 

1.44691 

8. 

2.07944 

21. 

3.04452 

4.5 

1.50507 

8.5 

2.14006 

22. 

3.09104 

4.75 

1.55814 

9. 

2.19722 

Thumping  of  Engines. 

Q.  What  causes  engines  to  thump,  especially  when 
the  engine  is  passing  the  centers? 

A.  The  causes  are  many  and  various.  It  may 
thump  because  the  shaft,  cross-head,  or  slides  are  out 
of  line;  the  crank-pin,  shaft  or  couplings  may  be 
loose ;  there  may  be  and  often  is  a  collar  formed  in  the 
cylinder  by  long  wear,  against  which  the  piston  brings 
up  as  it  passes  the  centers,  in  which  case  the  collar  must 
be  chipped  or  filed  off.    Some  of  the  keys  of  the  stub  or 


PRACTICAL  NOTES.  371 

fork-end  of  the  connecting-rod  may  be  loose ;  the  pis- 
ton packing  may  be  loose,  and  need  setting  out;  or  the 
valve  and  its  gear  may  be  out  of  order.  On  hearing  a 
heavy  and  unusual  thump  or  noise  about  your  engine, 
first  examine  all  the  keys  and  caps,  to  see  if  they  are 
tight;  if  they  are  all  right,  take  off  the  cylinder-head 
and  see  if  a  collar  has  formed  in  the  cylinder;  if  not, 
examine  the  piston  packing,  and  set  it  out  if  neces- 
sary. Try  the  piston  itself;  it  may  be  working  loose 
on  the  rod.  If  the  air-pump  is  worked  by  the  main 
engine,  examine  its  piston  ;  perhaps  it  will  be  found 
loose ;  next  examine  the  main  valve,  and  see  if  it  has 
the  usual  lead ;  also,  the  eccentric  and  link  motion. 
Having  done  this,  and  all  having  been  found  in  order, 
if  the  thumping  still  continues,  you  may  take  it  for 
granted  that  the  shaft,  slides,  or  cross-head  is  out  of 
line,  and  you  must  line  it  up  as  directed  below. 

Lining  up  an  Engine. 

Q.  How  would  you  proceed  to  line  up  an  engine? 

A.  Sometimes  when  the  engine  thumps,  or  other- 
wise works  badly,  it  is  advisable  to  try  its  different 
parts  to  see  if  they  are  in  line.  To  do  this,  assuming 
that  the  cylinder  is  in  its  proper  place,  we  run  a  line 
through  the  center  of  the  cylinder,  measuring  from 
different  points  to  get  the  line  exactly  in  the  center, 
and  make  it  fast  in  the  crank-pit ;  then — 

To  Line  up  the  Slides. 

Measure   with   a  straight-edge  the   distance  of  the 
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slides  from  the  line  At  the  top  and  the  bottoro,  and  if 
the  measurements  are  not  the  same^  linei*s  must  be 
used  to  set  them  true. 

To  Line  up  the  Cross-Head. 

If  the  connecting  rod  has  a  fork-end,  and  there  is 
a  hole  in  the  cross-head  for  the  piston-rod,  if  the 
line  does  not  pass  through  the  center  of  the  hole^  the 
cross-head  is  not  true,  and  the  gibs  must  be  adjusted 
to  make  it  so. 

To   Line  up  the   Shaft. 

To  line  up  the  shaft,  bring  the  crank  around 
nearly  on  the  top  center,  just  so  that  it  will  touch  the 
string,  measure  the  distance  of  the  forward  end  of 
the  crank  from  the  line,  then  turn  the  crank  around 
on  the  bottom  center  as  before,  and  measure  the  dis- 
tance of  the  crank  again.  If  all  the  measurements 
are  the  same,  the  shaft  is  in  line,  that  is,  it  stands  at 
right  angles  to  the  center  of  cylinder ;  but  if  the 
measurements  are  not  the  same,  the  shaft  is  out  of 
line,  and  it  must  be  raised  or  lowered  until  the  meas- 
urements are  the  same.  Example:  Suppose  the 
crank-pin  be  5  inches  long,  and  (taking  an  extreme 
case)  the  distance  of  the  ^ring  is  3  inches  from  the 
forward  crank,  and  2  inches  from  the  after  center, 
and  the  reverse  when  on  the  bottom,  it  shows  the 
forward  end  of  the  shaft  is  down,  and  needs  raising 
^  inch.  Of  course,  the  example  is  an  extreme  case, 
and  in  practice  the  measurements  will  seldom  differ 
more  than  J  incli.     This  method  saves  the  trouble 
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of  taking  out  the  crank-shaft,  which  would  have  to 
be  done  to  use  a  T-square  for  the  same  purpose. 

Q,  As  the  above  rules  are  for  vertical  or  upright 
engines,  give  a  rule  for  horizontal  engines. 

A.  Remove  the  piston,  and  stretch  a  line  through 
the  cylinder,  making  the  end  fast  to  something  be- 
yond the  crank-shafl.  Set  this  line  exactly  central 
by  the  counterbore  at  the  outer  end  of  the  cylinder, 
and  by  the  bore  of  the  stuffing  box  at  the  inner  end. 
Set  the  outboard  pillow  block  presumably  right,  and 
clamp  it  so  that  it  will  not  move.  Turn  the  shaft  in 
either  direction  till  the  pin  comes  to  the  line,  and 
measure  accurately  the  distance  from  either  shoulder 
of  the  pin  to  the  line.  Turn  the  shaft  in  the  oth(  r 
direction  till  the  pin  comes  to  the  line,  and  measure 
as  before  from  the  same  shoulder  to  the  line.  If  the 
two  measures  agree,  the  shaft  is  square  with  the  bore 
of  the  cylinder.  It  is  also  necessary  to  set  the  crank- 
shaft in  line  with  the  cross-head  pin.  For  this  pur- 
pose drop  a  plumb  line  from  the  floor  overhead,  and 
so  that  it  shall  hang  one-half  the  diameter  of  the 
crank-pin  back  of  the  center  of  the  crank-shaft,  and 
anywhere  between  the  shoulders  of  the  crank-pin 
(for  convenience  of  measuring).  Turn  the  shaft  so 
the  crank-pin  is  directly  up,  and  measure  from  the 
shoulder  to  the  line,  and  also  turn  it  so  the  pin  is 
down  and  measure  the  same.  Raise  or  lower  the 
outboard  pillow  block  until  the  two  measures  agree. 
Of  course  this  is  on  the  supposition  that  the  cross* 
head  pin   is  square  with  a  plumb  line — ^in   other 

32 
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wordn,  that  it  is  level.  This  can  be  determined  to 
various  ways,  according  to  the  iwciiliar  coDatructiun 
of  ttie  engine — as  by  an  accurate  level  on  the  slides, 
or  by  a  straight  edge  set  vertically  and  compared 
with  a  plumb  line,  etc  If,  however,  the  cross-faead 
pin  is  not  square  with  the  plumb  line,  and  it  is  not 
thought  best  to  level  up  the  bed,  accurately  measure 
how  much  it  is  out  of  square,  and  make  an  equal 
allowance  when  setting  the  shaft  by  the  plumb  Woe. 

Straps,  Oibs  and  Keys. 
Q.  Will  you  explain  the  strap-euds  of  connecting 
and  other  rods? 

A.  In  Fig.  117  is  shown  the  simple  form  of  a 

I  strap-end  connecting-rod.  It  is 
a  very  convenient  form  to  put 
up  and  take  down,  but  as  the 
strap  moves  up  the  rod-end  as 
the  brasses  are  keyed  t<^ther  to 
take  up  the  wear,  it  gets  shorter, 
Fig.  117.  and     there     is    no    very    ready 

method  of  showing  how  far  the  strap  should  be 
set  back,  nor  where  the  center  of  the  bore  of  the 
brasses  should  stand  to  maintain  the  rod  of  its 
original  length  from  center  to  center  of  the  bore  of 
the  brasses.  The  result  is  that  the  length  of  the 
rod  is  apt  to  be  altered  when  the  slips  of  iron  are  put 
behind  the  brasses  to  set  the  key  up.  This  alters  the 
location  of  the  piston-stroke  in  the  cylinder,  giving 
less  clearance  (between  the  piston-head  when  at  the 
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ends  of  its  stroke  and  the  cylinder-cover)  at  one  end 
and  more  at  the  other^  sometimes  causing  the  piston- 
head  to  strike  the  cylinder-cover.  Furthermore, 
there  sometimes  exists  at  the  ends  of  the  cylinder  a 
ridge  of  metal,  caused  by  the  piston-head  not  travel- 
ing from  end  to  end  of  the  cylinder  bore,  and  by  the 
wear  of  the  cylinder,  so  that  the  diameter  of  the  bore 
is  not  so  great  at  the  ends.  Hence  when  the  location 
of  the  piston-stroke  is  altered,  the  piston  will  strike 
this  ridge  at  one  end  and  not  meet  it  at  the  other  end 
i  of  the  cylinder,  wearing  away  the  existing  ridge  at 

the  first  end,  and  increasing  it  at  the  last-named  end. 
As  a  guide  to  avoid  this,  we  may  mark  on  the  face 
of  the  rod-end  a  deep  line.  A,  in  the  engraving,  and 
a  similar  line,  B,  on  the  strap.  Then  another  line, 
C,  on  the  strap,  and  if  in  lining  up  the  brasses  to  set 
the  key  back  we  make  A  and  B  come  even,  and  the 
center  of  the  bore  of  the  brasses  come  fairly  beneath 
C,  the  rod  will  be  kept  of  its  original  length  so  far 
as  that  end  is  concernecl.  If  in  this  kind  of  rod-end 
the  joint  face  of  the  two  brasses  butt  tightly  against 
each  other  when  the  brass  bores  are  a  proper  fit  to 
the  crank-pin,  we  may  drive  the  key  tightly  home, 
and  the  strap  will  l)e  firmly  locked  by  the  key  to  the 
rod-end,  so  that  the  key  and  gib  will  not  be  subject 
to  much  wear.  But  if  the  brasses  are  left  open  at 
the  joint  so  as  to  be  able  to  take  up  any  lost  motion 
(due  to  the  wear)  without  filing  the  joint  faces,  the 
key  cannot  be  driven  home,  because  that  would  bind 
the  brasses  upon  the  journal ;  hence,  in  this  case,  the 
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Btrap  is  not  locked  to  tbe  rod-end  at  all,  but  hangs 
(as  it  woe)  thereon.  Id  thb  latter  case  the  wear  is 
many  times  greater  because  of  tbe  difficulty  of  ad- 
justing the  brasses  so  delicately  as  not  to  have  any 
lost  motion  (and  therefore  no  thurapiug),  and,  at  tbe 
same  time,  not  to  bear  too  hard  against  the  journal. 

In  Fig.  118  'a  shown  a  bolted  connecting-rod-end, 
A,  B  being  the  brasses,  C  a  strap,  and  D  E  two 
bolts.  This  class  of  rod  is  used- 
mainly  on  marine  engines.  Here 
we  have  no  means  of  correcting 
the  Imgth,  and  great  care  most 
be  taken  to  place  behind  the 
brass.  A,  a  liner  of  the  proper 
thickncas,  to  compensate  for  the 
wear.  Id  this  case,  however, 
there  might  be  marked  upon 
the  rod  a  deep  line,  which 
should  always  stand  at  a  known 
distance  from  the  center  of  the 
journal,  that  distance  beiog- 
*^*'  "*■  marked  beside  the  line  as  at  F 

in  the  figure  where  it  is  marked  as  4. 


Q.  As  all  brasses  wear  more  or  less,  what  is  to  bo 
done  when  the  wear  is  considerable? 

A.  'Whea  the  brasses  have  worn  until  they  are 
"  brass  to  brass,"  that  is,  when  much  worn  and  have 
Iteen  keyed  up  until  they  touch,  they  must  be  taken 
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t>,  J  and  filed  off  until  they  do  not  touch  by  J  of  an 
in'ih.  The  amount  taken  off  is  then  made  good  by 
placing  "  liners"  (thin  pieces  of  copper,  sheet-brass, 
tin  or  sheet-iron)  between  the  brasses  and  rod-strap 
or  cap.  The  English  practice  is  to  bind  all  brasses 
**  brass  to  brass,"  filing  them  down  as  they  wear, 
which  is  the  better  plan.  Care  must  be  taken  in 
using  liners,  when  the  clearance  is  small,  not  to 
lengthen  or  shorten  the  connecting-rod,  so  as  to  cause 
it  to  strike  the  top  or  bottom  of  the  cylinder.  After 
overhauling  an  engine  in  any  way,  it  is  always  ad- 
visable to  turn  it  over  by  hand,  to  be  sure  that  all  is 
clear  before  getting  steam. 

Q.  What  is  meant  by  clearance? 

A.  Clearance  is  the  distance  of  the  piston  from  the 
top  or  bottom  of  the  cylinder,  when  the  engine  is  on 
the  true  center.  Most  engines  have  about  |  indi 
clearance,  and  the  liners  should  be  used  so  as  to  keep 
it  at  that.  The  object  in  using  liners  is  to  keep  the 
rods,  etc.,  at  their  proper  length. 

Scaling  Boilers. 

Q.  In  what  manner  is  the  scaling  of  boilers  per- 
formed ? 

A.  The  scale  is  chipped  off  with  sharp-faced  ham- 
mers called  scaling-hammers,  and  those  parts  which 
cannot  be  reached  with  the  hammers,  with  long  flat- 
faced  bars  called  scaling-bars.  After  the  scaling  has 
been  performed  the  boiler  should  be  thoroughly 
washed  out,  and  all  the  scale,  mud,  etc.,  taken  out 
of  the  lower  handholes. 
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Q,  Are  not  certain  chemical  compounds  used  for 
removing  scale  ? 

A.  It  is  said  that  all  such  compounds  injure  the 
iron  while  removing  the  scale^  and  therefore  the  bet- 
ter plan  is  to  use  hammers,  as  before  directed. 

Sweeping  Tubes. 

Q.  How  are  tlie  tubes  swept? 

A.  With  brushes,  made  for  the  purpose,  fixed  to 
long  iron  rods.  Some  engineers  blow  them  clean 
with  steam,  using  a  piece  of  steam  hose  with  a  nozzle 
just  fitting  the  tube.  This  is  a  quick  way  of  doing 
it,  and  it  can  be  done  with  steam  in  the  boiler. 
Sweeping  tubes  is  a  most  disagreeable  and  dirty  job. 
Nevertheless,  they  must  be  swept  at  least  once  a  week, 
or  they  will  become  choked  up  with  dirt  and  ashes, 
kill  the  draught,  and  cause  the  boiler  to  steam  badly. 

Grinding-in  of  Valves,  Cocks,  etc.  ' . 

Q,  How  are  valves,  cocks,  etc.,  made  steam  and 
water-tight  ? 

A.  By  grinding  them  in  with  ground  glass,  or  flour 
emei^^he  glass  being  mostly  used  when  grinding-in 
a  plu^^eock  if  it  is  badly  cut  or  scratched.  A  great 
deal  of  labor  may  be  saved  by  first  draw-filing  it  to  a 
fair  surface,  and  then  grinding  it  to  a  tight  fit;  mix 
your  glass  with  oil,  and  apply  only  a  little  at  a  time. 
It  requires  both  time  and  patience  to  make  a  good  job- 
Pi  ug-cocks  are  only  used  on  account  of  their  cheap- 
ness, and  are  every  way  inferior  to  globe  valves. 
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Q.  Is  it  not  a  difficult  matter  to  grind  in  poppet 
valves  tight? 

A,  It  is,  rather;  because,  though  light  when  cold, 
they  will  leak  when  hot,  owing  to  the  valve  and 
seat  not  expanding  alike.  Every  new  valve  leaks, 
after  having  been  in  use  but  a  short  time,  and,  as 
a  rule,  they  are  a  constant  source  of  trouble  and  ex- 
pense. 

Q.  How  are  slide  valves  made  steam-tight? 

A.  By  scraping  them  to  a  true  surface  with  a 
scraper,  according  to  the  indications  of  a  straight- 
edge. The  valve  and  face  should  be  trued  up  sepa- 
rately, and  then  scraped  to  each  other  in  the  follow- 
ing manner:  Take  a  little  red  lead,  thinned  with  oil, 
and  smear  it  over  the  valve  face  with  your  finger, 
wiping  it  nearly  dry ;  then  place  the  valve  in  its  seat 
and  slide  it  backwards  and  forwards,  just  as  the  eccen- 
tric does ;  wherever  the  lead  shows  in  spots  or  patches, 
must  be  scraped.  Continue  this  operation  until  the 
lead  shows  the  same  all  over  the  valve  and  seat. 

Q,  What  kind  of  a  scraper  should  be  used? 

A.  A' worn-out  half-round  file,  ground  down  (on 
the  grindstone)  to  a  sharp  edge,  will  answer,  if  one 
made  for  the  purpose  is  not  come-at-able. 

Q.  Should  not  all  brasses  be  scraped  true  to  their 
journals  ? 

A.  Yes;  and  if  they  were  there  would  be  fewer 
hot  journals,  and  less  talk  about  an  '^  engine  wearing 
down  to  its  bearings,"  and,  if  all  planed  surfaces  were 
scraped,  less  sheet-gum  would  be  in  demand. 
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Q.  What  kind  of  packing  is  generally  nsed  for 
packing  staffing-boxes? 
)  A,  There  are  several  most  excellent  makes  of  pack- 
ing, any  mie  of  which  will  give  satisfaction.  There 
are  also  several  makes  of  metallic*  packing,  which 
are  highly  recommended. 

Q.  What  is  the  proper  way  to  pot  packing  into 
the  boxes? 

A.  Cat  the  packing  in  lengths  eqnal  to  the  cir- 
cumference of  the  rod,  less  aboat  ^  of  an  inch.  Fill 
the  box,  breaking  the  joint  with  every  piece,  and 
screw  the  gland  ap  tight;  then  work  the  engine  a 
little  while,  and  when  the  packing  has  become  warmed 
slack  ap  the  gland  ontil  the  nuts  are  only  finger-tight; 
the  packing  then  will  expand  and  become  steam-tight. 
You  must  be  careful  in  setting  up  the  gland  to  see 
that  it  does  not  touch  the  rod,  but  sets  up  evenly  all 

around. 

Oils,  etc. 

Q.  What  kind  of  oil  is  the  best  for  lubricating 
machinery  ? 

A.  Lard  oil ;  and  I  recommend  its  use  for  the  cyU 
inder  and  valves,  as  well  as  for  the  journals.  Many 
engineers  use  "cylinder  oil "  and  tallow  in  their  cyl- 
inders, but  my  experience  is,  that  good  lard  oil  is  all 
that  an  engineer  needs  for  any  purpose  about  his 

engine. 

J  -  ^-^^— — ^— ^— 

*  l8  the  best. 
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Q.  How  often  should  an  engine  be  oiled  ? 

A.  That  depends  upon  circumstances.  Some  engines 
require  oiling  up  every  half  hour,  others  every  hour, 
and  so  on.  So  long  as  the  brasses  keep  cool  they  will 
not  cut.  The  proper  way  is  to  have  a  set  time  for  oil- 
ing, and  then  go  round  with  a  squirt-can  and  squirt  a 
little  in  each  oil-hole ;  the  crank-pin  will  require  more 
than  any  other.  The  cylinder  ought  also  to  be  supplied 
at  regular  intervals,  and  not  neglected  until  it  "grunts 
for  grease,"  as  it  will  do  when  it  becomes  dry. 

Q.  Is  not  a  great  deal  of  oil  sometimes  wasted  ? 

A;  There  is  no  sense  or  reason  in  slushing  an  en- 
gine with  oil,  and  a  bearing,  which  a  moderate  supply 
will  not  keep  cool,  will  be  found  to  be  keyed-up  or 
screwed  down  too  tight,  out  of  line,  or  deficient  in 
bearing  surface. 

Q,  What  is  the  proper  way  to  key-up  or  screw 
down  a  journal  ? 

A.  If  a  key,  drive  it  well  home,  and  then  back  it 
out  a  little,  say  iV  of  an  inch,  or  so,  or  if  a  screw  and 
nut,  jam  the  nut  tight,  and  then  turn  it  back  a  half 
turn  or  more.  Of  course,  you  must  use  some  judg- 
ment, as  I  cannot  give  you  an  exact  rule  iti  all  cases. 
Should  the  journal  be  disposed  to  heat,  slack  up  more, 
but  not  so  much  as  to  cause  a  thump.  With  a  little 
practice  you  will  be  able  to  do  this  to  a  nicety. 

Q.  Should  not  all  the  brasses  be  taken  off  and  ex- 
amined occasionally? 

A,  Yes;  and  care  should  be  taken  that  the  oil-hole 
does  not  become  gummed  up,  or  choked  with  dirt, 
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grit,  etc.  When  cleaDing-up,  it  is  a  good  idea  to  kec^ 
all  the  oil-holes  plugged  with  clean  cotton-waste,  to 
protect  them  from  the  fine  ashes,  etc.,  which  are  gener- 
ally flying  round  an  engine-room  when  repairing  and: 
clean  ing-up  are  going  on. 

Q,  Will  not  the  piston-rod  and  valve-rods,  when 
rough  and  scratched,  cut  the  packing  and  cause  it  to 
leak? 

A,  They  will ;  and  the  remedy  in  such  cases  is  to 
draw-file  the  rod  to  a  smooth  surface  and  afterwards 
polish  it  with  a  piece  of , fine  emery  cloth,  rubbing  it 
in  the  direction  of  its  length. 

Q.  What  cuts  and  scratches  the  rods  ? 

A.  Dirty  and  gritty  packing,  and  for  this  reason 
packing  should  always  be  kept  in  a  clean  box,  or 
locker,  free  from  all  dirt,  grease,  etc. 

Q.  Should  not  all  piston-rods,  valve-rods,  etc.,  be 
of  steel,  instead  of  wrought  iron  ? 

A,  Yes,  and  it  is  generally  used  now  for  such 
purposes. 

Q.  What  kind  of  packing  is  used  in  steam- 
pistons  ? 

A,  Cast-iron  rings  set  out  by  steel  sprj^igs;  but 
brass  rings,  made  of  copper  15  parts,  and  tin  5  parts, 
make  an  excellent  packing,  which  requires  very  little 
oil.  Another  advantage  is,  the  wear  ig  on  the  rings, 
and  not  on  the  cylinder,  and  it  is  much  cheaper  to 
buy  new  rings  than  it  is  to  bore  the  cylinder  out. 
In  setting  out  piston-packing,  care  must  be  taken  to 
have  it  neither  too  tight  nor  too  loose,  because  if  too 
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(^ht  the  friction  will  be  great,  requiring  considerable 
power  to  move  it,  and  probably  cutting  the  cylinder; 
on  the  contrary,  if  too  loose,  the  steam  will  blow 
through,  causing  a  loss  of  steam  and  power. 

Q.  You  said  piston-packing  is  set  out  with  steel 
springs  ? 

A.  Well,  yes,  they  call  them  springs,  but  there  is 
very  little  "spring"  about  them.  Indeed,  the  most 
of  them  are  as  rigid  as  a  screw-jack  when  set  out. 
There  is  a  fortune  in  store  for  the  man  who  will  get 
op  a  real  springy  spring  for  that  purpose. 

Q.  How  can  one  tell  when  the  piston  is  tight  ? 

A.  By  taking  off  the  cylinder  head  and  giving 
steam  on  the  opposite  side ;  when,  if  it  is  not  tight, 
steam  will  blow  through. 

Q,  What  precaution  should  be  observed  in  setting 
out  piston-packing? 

A.  It  should  be  set  out  equally  all  round,  so  that 
the  center  of  the  piston  will  stand  in  the  center  of  the 
cylinder. 

Q.  How  can  we  tell  when  the  center  of  the  piston 
is  in  the  center  of  the  cylinder  ? 

A.  Place  one  leg  of  a  pair  of  dividers  in  the  center 
of  the  piston,  and  the  other  leg  where  the  rings 
touch  the  cylinder,  and  describe  a  circle ;  or  use  a 
pair  of  inside-calipers,  measuring  from  some  part  of 
the  spider. 

Q.  What  is  the  spider  ? 

A.  It  is  the  body  of  the  piston  itself,  minus  the 
rings  and  follower. 
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Q,  Should  not  tlie  rings  be  scraped  to  each  other« 
and  also  to  the  follower? 

A.  They  should,  and  the  follower  should  be  bolted 
down  with  i7*on  bolts,  working  in  brass  nuts. 

Q.  Are  not  stuffing-boxes  and  glands  made  of  cast* 
iron  ? 

A.  They  are,  and  they  should  be  bushed  with  com- 
position, which  will  prevent  the  rods  from  being  cut 
should  they  chafe. 

Q.  What  tools  are  used  in  putting  new  packing  in, 
or  taking  old  packing  out? 

A.  Almost  anything  made  of  wood  will  answer  to 
push  new  packing  in  with,  but  to  take  old  packing 
out,  you  need  a  packing-hook  and  a  worm ;  the  latter 
is  nothing  more  or  less  than  a  cork-screw  with  a  long 
handle.  A  gun-screw,  such  as  is  used  to  draw  charges, 
fixed  to  a  ramrod,  is  a  good  substitute. 

Starting  Fires. 

Q.  What  is  the  proper  way  to  start  a  fire  ? 

A.  Before  proceeding  to  start  the  fire,  you  must  see 
that  the  man  and  handhole  plates  are  put  on  (if  they 
have  been  taken  off  for  cleaning  out  or  repairs),  and 
the  joints  properly  made.  If  the  boiler  is  new,  or  in 
good  order,  a  gasket  is  all  that  is  required  to  make  them 
tight,  but  if  the  boiler  is  old  and  worn  about  the  hand- 
holes,  it  will  be  necessary  to  put  two  or  three  turns 
of  lamp-wick  around  the  gasket,  smearing  it  with 
white  lead.  After  the  plates  are  all  on,  fill  your 
ooiler  with  water  until  the  glass  gauge  is  half  full, 


PRACTICAI^  NOTES.  385 

then  ^?v*r  jour  ^^rate-bars  all  over  with  coal,  and 
put  \a  two  Dt  tlii'ee  layers  of  cordwood  (pine  is  the 
best).  Then  take  some  shavings,  split  wood,  or  oily 
waste,  place  it  over  and  about  the  wood  next  to  the 
door,  and  light  it,  keeping  the  furnace-door  open  and 
the  ash-pan  door  shiU  (if  there  be  one)  until  the  wood 
is  thoroughly  ignited  ;  and  then,  and  not  until  then, 
shut  the  furnace-door  (and  0(>en  the  ash-pan  door  if 
there  be  one)  and  cover  the  wood  with  coal,  adding 
to  it  as  fast  as  the  wood  burns  away;  in  a  short 
time  you  will  have  a  splendid  fire.  Steam  can  be 
raised  a  half-hour  sooner  in  this  way  than  by  the 
common  method  of  putting  the  wood  on  the  bare 
grate-bars. 

Q.  Must  not  the  safety-valve  be  kept  open  while 
raising  steam? 

A.  Yes,  to  let  the  air  out,  and  be  closed  as  steam 
shows  itself  at  the  escape  pipe;  that  is,  the  safety-valve 
pipe;  when  the  steam-gauge  shows  four  or  five 
pounds,  open  the  stop- valve  on  the  boiler,  and  the 
petHX)cks  or  "  bleeders"  in  the  steam-pipe  and  steam- 
chest,  to  free  them  of  water ;  then  open  the  throttle* 
valve  and  warm  the  engiJie  up. 

Before  reporting  "  ready,"  if  the  steam  is  up  to  the 
required  pressure,  open  the  water-cocks  on  the  cylin- 
der and  work  the  piston  up  and  down  several  times, 
to  work  the  water  out ;  then  turn  it  over  slowly  a 
few  times  (giving  some  injection  water  to  form  a 
vacuum*),  to  see  that  everything  is  all  right.   .  Fill 

^  if  a  condensing  engine. 
33 
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the  oil-cups,  also  tallow-cups  on  cylinder,  and  you  are 
ready  to  start.  It  is  advisable  always  before  starting, 
to  look  all  around  the  engine  to  see  that  everything 
is  clear ;  great  damage  may  be  done  by  neglecting 
this  precaution. 

Q.  How  thick  should  a  fire  be  carried  ? 

A.  It  depends  altogether  on  the  draught.  If  the 
draught  is  strong,  it  siiould  be  heavier  than  when  it 
is  weak,  and  a  bituminous  (soft)  coal  fire  should  be 
thicker  than  one  of  anthracite  (hard)  coal.  But 
whatever  the  thickness,  it  should  be  kept  spread 
evenly  all  over  the  grate,  and  not  allowed  to  burn  in 
holes,  leaving  the  bars  bare,  as  the  cold  air  will  rush 
in  and  chill  the  heating  surface.  A  soft  coal  fire 
needs  broking  up  at  short  intervals,  as  it  has  a  ten- 
dency to  amalgamate,  or  crust  over  on  top,  but  a 
hard  coal  fire  should  not  be  broken  up  with  the  bar. 
All  that  is  necessary  to  clean  it  of  ashes  is  to  run  the 
slice  bar  over  the  grate  and  withdraw  it  without 
breaking  up  the  body  of  the  fire.  The  clinkers 
should  be  taken  out  with  the  "devil's  claw."  What- 
ever is  done  to  a  fire  should  be  done  quickly,  and  the 
furnace  door  be  kept  open  no  longer  than  necessary. 
No  two  fires  should  be  cleaned  at  the  same  time. 
While  the  cleaning  is  going  on,  the  throttle-valve 
should  be  closed  a  little,  or  the  steam  cut  oflF  shorter^ 
until  the  new  fire  begins  to  make  steam  again. 

Q.  What  is  the  proper  way  to  clean  a  fire  ? 

A.  Take  a  hoe  and  push  the  upper  part  of  the  fire 
back^  leaving  the  clinkers,  ashes^  etc.,  on  the  grate^ 
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then  pull  the  ashes^  etc.,  out  with  the  hoe.  To  clean 
the  back  end  of  the  grate,  you  pull  the  good  fire 
forward  again,  and  draw  the  clinkers  and  ashes  of 
the  back  end  over  the  fire,  and  into  the  ash-pan. 
Having  cleaned  it,  you  must  spread  the  fii*e  evenly 
all  over  the  grate,  and  then  cover  it  over  with  fresh 
coal,  but  not  too  heavily.  Care  must  be  taken  with 
anthracite  coal,  not  to  let  the  fire  burn  too  low  before 
cleaning  it,  or  else  you  will  not  have  fire  enough  left 
to  cover  the  grate,  and  it  will  die  out. 

Q.  What  is  the  proper  way  to  bank  a  fire  ? 

A,  Clean  it  as  before  directed,  and  then  push  it 
back^  leaving  the  front  half  of  the  grate  bare,  and 
afterwards  cover  it  over  heavily  with  fresh  coal. 

Q.  Which  do  you  consider  the  better,  coal  for 
steam  purposes,  anthracite  or  bituminous? 

A.  Some  boilers  are  better  adapted  for  burning 
hard  coal  than  for  burning  soft,  but  which  ever  kind 
you  use,  get  the  best,  clean,  fresh-mined,  and  free 
from  slate,  etc.  It  is  cheaper  in  the  end  to  get  a  good 
article,  even  when  you  have  to  pay  more  for  it.  It 
"don't  pay''  to  buy 'refuse  coal  and  dirt  at  any  price, 
and  besides,  the  labor  is  hard  enough  with  the 
best  of  coal.  There,  is  more  heating  power  in  one 
ton  of  good  coal  than  there  is  in  several  tons  of 
coal-dirt,  and  therefore  it  is  false  economy  to  buy  the 
latter. 

§.  How  can  one  select  a  good  article  of  coal  ? 

A.  All  fresh-mined  coal  has  a  black,  bright  look, 
while  ^al  which  has  been  mined  a  long  time,  or  been 
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exposed  to  the  weather^  has  a  kind  of  sun-burnt  look 
about  it,  which  almost  anybody  will  notice.  Coal 
should  be  kept  under  cover,  and  not  exposed  to  the 
weather.  I  will  say  in  conclusion  on  this  subject, 
that  with  good  coal,  and  a  good  fireman  to  handle  it, 
the  cost  of  fuel  will  be  reduced  to  a  minimum. 

Q»  What  constitutes  a  set  of  fire  tools? 

A.  A  shovel,  a  long-handled  heavy  hoe  for  cleaning 
the  fire,  a  light  short-handled  hoe,  a  devil's  claw,  a 
heavy  slice-bar,  and  a  light  T-bar  (a  T-bar  is  a  light 
slice-bar  with  a  point  shaped  like  the  letter  T)  and 
pricker,  and  a  coal-maul,  for  breaking  large  Iumi)8 
of  coal. 

Q,  What  is  meant  by  foaming? 

A.  Foaming,  or,  as  it  is  sometimes  called,  priming, 
is  a  violent  ebullition  of  the  water  in  the  boiler. 

Q.  What  causes  foaming? 

A.  The  great  cause  of  foaming  is  too  little  water- 
space  and  steam-room  in  the  boiler,  defective  circula- 
tion of  the  water,  owing  to  faulty  design ;  or  the 
boilers  may  be  too  small  to  furnish  the  required  steam, 
the  engine  using  it  faster  than  it  is  formed,  thereby 
taking  off  the  pressure  and  causing  the  water  to  rise 
to  an  abnormal  height ;  muddy  water  will  cause  it. 
But  a  boiler  large  enough  to  do  the  work  re- 
quired, of  good  design,  with  plenty  of  water  and 
steam-space  and  good  circulation,  will  seldom  if  ever 
foam. 
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Q.  How  can  the  engineer  tell  when  the  boiler  is 
£3aming? 

A,  By  the  violent  agitation  of  the  water  in  the 
glass  gauge^  and  by  the  cracking  noise  heard  in  the 
cylinder.  If  he  try  his  gauge-cocks  while  foaming  is 
going  on,  they  will  blow  forth  a  mixture  of  steam  and 
water,  instead  of  solid  water. 

Q,  Is  there  not  danger  from  the  boiler  foaming? 

A.  There  is  great  danger ;  the  water  being  incom- 
pressible it  may  be  carried  over  in  the  steam  in  such 
quantities  as  to  fill  the  clearance  space  in  the  cylinder, 
and  cause  the  cylinder-head  or  bottom  to  be  knocked 
out,  and  it  destroys  the  vacuum.  And  again,  when 
the  boiler  is  foaming,  and  the  glass  gauge  is  appar- 
ently full  of  water,  if  you  stop  the  engine  the  water 
will  fall  to  its  true  level,  and  may  drop  out  of  the 
glass  gauge  altogether.  Here  we  have  another  fruit- 
ful cause  of  boiler  explosions.  When  the  boiler 
foams,  the  level  of  the  water  can  be  found  by  shut- 
ting off  the  steam,  or  stopping  the  engine. 

Q,  When  the  boiler  foams  what  should  the  engin- 
eer do  to  check  it? 

A.  The  first  thing  to  do  is  to  partially  close  the 
throttle  valve,  and  slow  the  engine  down,  and  if  there 
be  a  cracking  noise  heard  in  the  cylinder  (which  is 
caused  by  the  steam  carrying  the  water  in  with  it), 
open  the  water  cocks  on  the  cylinder  until  the  noise 
ceases.  Look  at  the  glass  gauge  and  see  how  the 
water  stands,  and  if  the  foaming  be  caused  by  too 
much  water,  blow  some  out.    Sometimes  when  there 
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is  a  heavy  fire  in  tlic  furnace,  foaming  may  be  checked 
by  opening  the  furnace  door,  or  closing  the  damper, 
if  there  be  one.  Not  only  is  there  danger  when  the 
boiler  foams,  but  the  steam  and  water  carry  over  sand, 
grit,  and  other  impurities  into  the  cylinder,  which  cut 
the  cylinder  face,  and  piston-rings,  valves  and  valve 
faces,  and  play  havoc  with  the  air-pump  and  con- 
denser. 

Boilers  which  foam  badly,  or  are  addicted  to  foam* 
ing,  are  unfit  for  use,  and  the  law  should  strictly  pro- 
hibit the  use  of  such  dangerous  rattletraps. 

We  give  some  general  rules  for  the  care  and  man- 
agement  of  steam-engines  and  boilers,  briefly  stated, 
for  ready  reference. 

Safety  Valves. 

Kaise  the  safety  valve  slowly  and  cautiously  at 
least  once  every  day,  as  it  is  liable  to  stick  fast  in 
its  seat  and  be  worse  than  useless  for  the  purpose 
intended.  If  at  any  time  the  steam  gauge  should 
show  an  excess  of  pressure,  and  the  safety  valve  does 
not  blow  off,  one  or  the  other  is  out  of  order,  in 
which  case  give  the  gauge  the  benefit  of  the  doubt, 
and  move  the  ball  of  the  valve  in  until  it  blows  mod- 
erately. 

Glass  Gauge  and  Gauge-Cocks. 

Do  not  trust  to  the  glass  gauge  alone,  as  it  some- 
times gets  choked  with  the  muddy  sediment  in  the 
water.     It  should  be  blown  through  at  least  once  an 
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hour  to  keep  it  clean  and  clear.  Keep  the  gauge- 
cocks  clear  and  in  constant  use,  or  they,  too,  will  be- 
come choked  with  sediment. 

Clean   Boiler. 

Keep  the  boiler  clean,  both  externally  and  inter- 
nally. Be  sure  and  keep  the  crown-sheet,  tubes,  and 
all  the  other  heating  surface  on  the  water  side  free  of 
scale,  baked  mud,  and  other  deposit;  and  the  fire 
side  free  of  soot,  ashes,  etc.  When  using  wood  or 
soft  coal,  sweep  the  tubes  or  blow  them  clean  with  a 
steam  hose  frequently.  It  will  pay  to  do  it,  as  you 
will  not  have  to  fire  so  hard..  Soot  and  ashes  are  bad 
conductors  of  heat  on  the  fire  side,  just  as  scale,  baked 
mud,  etc.,  are  on  the  water  side. 

Blow- Cocks  and  Blowing  Out. 

Every  boiler  has,  or  should  have,  two  blow-cocks, 
with  pipes  attached  to  it,  one  near  the  surface  of  the 
water,  called  the  "surface-blow,''  and  one  near  the 
bottom,  called  the  "  bottom-blow/'  As  all  sediment, 
etc.,  naturally  rises  to  the  surface  of  the  water  while 
the  boiler  is  steaming,  if  using  muddy  or  dirty  water, 
two  or  three  inches  ought  to  be  blown  out  by  the 
surface-blow  at  least  twice  a  day — in  the  morn- 
ing and  also  at  noon,  just  before  starting  the  engine. 
This  prevents  the  sediment  from  going  over  with 
the  steam  to  the  engine,  and  cutting  the  cylinder,  pis- 
ton, and  valves.  Use  the  bottom-blow  only  when  all 
the  water  is  to  be  blown  out  for  cleaning  out  or  re- 
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pairs.  Never  blow  a  boiler  out  under  a  heavy  press* 
ure  of  steam,  nor  until  it  has  cooled  off  somewhat 
after  hauling  the  fires,  otherwise  the  rapid  and  une- 
qual contraction  of  the  metal  may  cause  the  seams  or 
tubes  to  leak,  and,  besides,  there  will  be  enough  heat 
left  in  the  metal  to  bake  the  mud,  etc.,  into  a  hard  scale. 
The  best  plan  is  not  to  blow  the  water  out  at  all,  but 
to  let  the  boiler  cool  off  after  hauling  the  fires,  for 
several  hours,  raising  the  safety-valve  to  free  it  of 
steam,  and  then  knock  in  a  handhole  plate  and  let  it 
run  out,  provided,  of  course,  it  will  not  all  run  out 
by  the  bottom-blow  without  any  pressure  at  all.  The 
mud  will  then  remain  in  a  slushy  condition  and  can 
easily  be  washed  off  and  out  with  a  hose,  the  man 
and  handhole  plates  all  being  taken  off  to  give  the 
whole  interior  of  the  boiler  a  thorough  washing  out. 
The  idea  entertained  by  some  engine  attendants,  that 
scale  deposits  can  be  blown  out  of  a  boiler  by  a  heavy 
pressure  of  steam  is  entirely  fallacious,  as  all  experi- 
enced men  know. 

Boilers  should  be  blown  out  and  cleaned  every 
week  if  the  water  be  bad. 

Filling  up  the  Boiler. 

Never  fill  a  boiler  with  cold  water  while  it  is  hot, 
but  wait  until  it  has  cooled  off,  or  otherwise  the 
sudden  contraction  of  the  metal  may  start  it  to  leak- 
ing in  the  seams,  tubes,  or  about  the  patches  if  it  be 
an  old  one  which  has  been  patched. 
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Prevention  of  Scale. 

Many  of  the  compounds  used  for  the  prevention 
of  scale  are  injurious  to  the  iron.  A  little  coal  oil 
(refined),  molasses,  carbonate  of  soda,  tannate  of 
soda,  a  few  white  potatoes,  horse-dung,  and  other 
simple  remedies  answer  very  well,  and  do  not  injure 
the  iron  as  some  of  the  patented  compounds  do. 

Steam  Gauges. 

Should  the  pointer  or  index  of  the  gauge  not  go 
back  to  zero  (0)  when  there  is  no  steam  in  the  boiler, 
it  is  out  of  order  and  needs  looking  after.  Never 
blow  the  water  out  of  the  siphon  bend  of  the  steam 
gauge  pipe;  the  bend  is  put  in  the  pipe  expressly  to 
hold  a  little  water  to  protect  the  gauge  from  the 
steam. 

Should  the  pointer  stick  at  any  time  jar  it  down 
by  slapping  the  gauge  sharply  with  the  hand  on  the 
side,  not  on  its  face. 

Modes  of  Firing. 

Q,  Will  you  explain  the  different  modes  of  firing 
steam  boilers,  and  which  is  the  best  way  ? 

A.  Yes,  and  to  impress  it  upon  your  memory 
indelibly,  I  will  designate  each  mode  by  a  different 
name  upon  which  there  is  no  trade-mark. 

The  "Wedge"  Method. 

This  is  the  favorite  way  with  ignorant,  careless, 
and  lazy  firemen.  It  consists  in  banking  up  the  coal 
thick   near   the  furnace  door,  and  sloping  it  off  to 
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almost  a  point  at  the  back  end  (wedge  shaped,  you 
know).  The  careless  or  lazy  fireman  fires  in  this  way 
because  it  does  not  require  much  labor  to  shovel  coal 
just  inside  the  furnace  door;  and  the  ignorant  one 
does  so  because  appearances  deceive  him.  He  peeps 
through  the  holes  in  the  door  and  sees  the  whole 
furnace  (apparently)  full  of  fierce,  roaring  flames  (not 
knowing  that  it  is  only  the  cold  air  rushing  through 
the  bars  so  thinly  covered)  and  wonders  why  such  a 
fire  don't  make  plenty  of  steam. 
The  next  method  is 

The  "Turtle  Back," 

in  which  the  coal  is  carried  thick  and  heavy  in  the 

middle  of  the  grate,  while  the  ends  and  sides  are 

almost  bare,  allowing  cold  air  to  rush  in  all  around 

the  edges  while  the  thick  and  heavy  center  is  dead, 

being  too  thick  for  any  air  to  pass  through.     Next 

we  have 

The  "  HiU  and  Hollow  '*  Method, 

in   which  the  coal  is  kept  in  hills  and  hollows  all 
over  the  bars,  too  thick  in  some  places  and  too  thia 
in  otherb. 
Next  comes 

"The  KiU'em  Quick." 

This  consists  in  shovelling  in  coal  as  fast  as  the 
fire  shows  bright  and  red  in  any  one  place :  the  fire 
is  thus  kept  smothered  with  fresh  coal.  Any  man 
who  fires  according  to  these  four  barbarous  methods 
is  either  careless,  lazy  or  ignorant,  and  not  fit  to  be  a 
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fireman.  They  are  generally  the  cheap  Johns  at 
the  business,  but  great  favorites  with  employers,  as 
they  work  for  small  pay ;  but  like  all  cheap  things 
they  cost  dearly  in  the  end. 

The  fifth  (5th)  method  is  known  as 

'  "The  Scoop." 

This  consists  in  keeping  the  fire  scoop-shaped,  i.  6., 
thick  around  the  sides  and  back  and  scooped  out  (but 
not  too  thin)  in  the  center.     This  is  a  good  way. 
i  The  sixth  (6th)  is 


"The  Pancake. 


»» 


Flat  as  a  pancake  but  not  so  thin  all  over  the 
grate ;  in  other  words  a  fire  evenly  and  uniformly 
spread  all  over  the  grate,  not  too  thick  nor  too  thin.  y  . 

This  makes  a  clean,  bright,  hot  fire,  and  if  it  don't  (^\  j   '^ 
make  steam  no  other  way  will.     It  is  emphatically 
the  best  way  for  all  kinds  of  boilers  and  for  all  kinds 
of  coal.     The  scoop  is  the  next  best. 

Note — The  thickness  of  a  fire  depends  altogether 
upon  the  draft.  It  must  be  kept  thick  when  the  draft 
is  strong,  thin  when  it  was  weak,  but  always  thick 
enough  to  keep  cold  air  from  rushing  through  it. 

Feeding  Boilers. 

There  are  but  two  ways  to  feed  a  boiler  with  water, 
and  they  are  the  right  way  and  the  wrong  way.  The 
right  way  is  to  so  regulate  the  feed  by  pump  or 
injector  as  to  keep   the  feed  on  all  the  time,  and 
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thereby  maintain  a  constant  water  level  at  the 
proper  point.  The  wrong  way  is  to  feed  irregularly : 
to  keep  putting  on  the  feed  and  taking  it  off;  at  one 
time  to  have  the  glass  gauge  nearly  empty^  and  then 
nearly  full. 

Glass  Gauges  and  Blow  Cocks  Again. 

After  the  work  is  over  for  the  day,  be  sure  and 
close  the  cocks  on  the  glass  gauge ;  and  also  be  sure 
the  blow  cocks  are  closed  tight,  or  you  may  come 
back  next  morning  and  find  all  or  nearly  all  of  the 
water  gone,  due  to  a  broken  glass  gauge  or  leaky 
blow  cocks. 

Safety  Valves  Again. 

If  there  should  be  no  "  pop  "  safety  valve  attached 
to  the  boiler,  and  a  heavy  banked  fire  be  kept  during 
the  night,  heavy  enough  to  make  steam,  run  the  ball 
on  the  safety  valve  lever  in  towards  the  valve  so  that 
it  will  blow  off  under  a  light  pressure.  All  land 
boilers  should  be  provided  with  "pop"  saft^ty  valves 
in  addition  to  the  ball  and  lever  kind.  The  "Sco- 
veil  "and  "Crosby"  "ix)p"  valves  are  remarkably 
fine  and  reliable  ones. 

Steam  Pressure. 

To  obtain  the  best  result,  the  steam  pressure  should 
be  kept  uniform,  not  varying  more  than  two  or 
three  pounds,  instead  of  from  ten  to  twenty  as  is  the 
ujrual  practice  with  careless,  lazy  or  ignorant  firemen. 
Regulate  with  the  damper  and  not  with  the  furnace 
door  or  doors. 
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Furnace  Door  Open. 

If  from  any  cause  except  when  coaling  over  or 
cleaning  the  fire  it  be  necessary  to  open  the  furnace 
door,  immediately  close  the  damper,  to  keep  the  cold 
air  from  rushing  into  the  furnace  and  through  the 
tubes,  or  leaky  seams  and  tubes  may  result  from 
sudden  contraction  of  the  metal. 

Ash-Pans. 

Keep  the  ash-pans  clear  of  ashes,  and  do  not  permit 
them  to  accumulate  until  they  touch  the  bars,  cans* 
ing  the  bars  to  become  unduly  heated  and  destroy- 
ing the  draft. 

Opening  and  Closing  of  Valves,  Cocks,  etc. 

Never  open  or  close  any  steam  valve,  be  it  a  safety 
valve,  stop  valve,  throttle  valve,  nor  any  blow  cock 
or  gauge  cock  suddenly,  but  gradually.  Not  only 
steam  pipes  but  steam  boilers  have  been  "  bursted '* 
by  neglect  of  this  precaution. 

\  Grate-Bars. 

When  putting  in  grate-bars  do  not  place  them  too 
close  together,  but  give  tliem  both  end  and  side  play, 
as  they  expand  considerably  when  hot,  and  if  they 
have  not  room  to  expand  they  will  bend  or  twist  out 
of  shape  and  soon  ha  destroyed. 

Glass  Gauge  Bursts. 

Should  the  glass  gauge  burst,  shut  oft  the  vxxter  first 
aad  aft^erwards  the  steam. 

34 
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Looking  into  the  Furnace. 

Do  not  open  the  furnace  door  every  five  tninute«$ 
and  keep  it  open  while  you  take  a  long  look  at  the 
fire.  Oncje  every  half  hour  is  often  enough  if  you 
understand  your  business  as  a  fireman. 

The  First  Thing  to  do,  v 

Before  spreading  your  fire  in  the  morning,  is  to  see  if 
there  be  enough  water  in  the  boiler  to  start  the  fire 
on.  Many  a  man  has  left  plenty  of  water  in  his 
boiler  at  night  and  come  back  next  morning  and 
found  it  all  or  nearly  all  gone,  caused  by  the  boiler 
springing  a  leak,  the  glass  gauge  bursting,  or  the 
blow  cock  leaking  during  the  night.  Whatever  you 
neglect  to  do,  do  not  neglect  this  precaution. 

The  Last  Thing  to  do, 

Before  going  home  at  night,  is  to  look  around  the 
fire  room  and  see  if  there  be  any  hot  coals  lying 
around  loose,  or  matches,  greasy  waste,  or  anything 
which  may  cause  the  building  to  take  fire  during  the 
night. 

Hot  Crank-Pin. 

Should  the  crank-pin  get  hot,  stop  the  engine  at  once; 
then  slacken  up  the  key  and  cool  it  off  with  hot  water 
from  the  boiler,  and  finish  off  with  cold  water.  After- 
wards key  up  moderately  tight,  and  oil  well  before 
starting  again. 
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Loose  Belts. 
When  the  belt  slips  it  will  cause  the  engine  to 
race,  which  is  dangerous  to  both  the  engine  and  the 
engineer.     All  the  engineer  can  do  at  the  niomeot  is      ^,i^j  r.- 
to  throw  two  or  three  handfuls  of  pnlverized  rosin  oli  / 

the  pulley  just  where  the  belt  grips  it;  but  this  only 
gives  temporary  relief.     The  Norria  pulley  cover  is 
a  sure  and  permanent  cure  for  slipping  belts.     It  cait 
be  used  either  with  leather  or  rub- 
ber belting.     Fig.  119  shows  this 
cover  applied  to  a  pulley,     Mr.  C 
L.  Wright,  104  Diiane  street,  New 
York,  is  the  manufacturer. 

Governor  Belts. 

These  require  speci:d  attention, 
for  unless  the  governor  he  provided 
with   a  safety   stop,  and   the   belt  ^'S.  ii9- 

break,  before  the  steam  can  be  shut  off,  the  engine 
may  wreck  itself. 

SiufBng-Box  Glands. 

Afler  packing  a  stufiing-box,  he  careful  and  set 
the  gland  up  square  all  around  the  rod.  Not  only 
have  piston  rods  been  badly  cut,  but  the  packing  has 
been  set  on  fire  in  the  box  by  the  rod  rubbing  i^ainst 
the  gland. 

Loose  Boxes. 

By  placing  the  hand  on  the  connecting  rod  while 
the  engine  is  in  motion,  you  can  tell  if  there  be  lost 
morion  in  the  cross-head  or  crank  and  brasses  by  the 
jar  felt  in  the  rod. 
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Patent  Automatic  Oil  Feeders. 

These  improvements  need  constant  watching,  as 
they  sometimes  fail  to  feed  at  all,  and  the  engineer  is 
sometimes  reminded  of  tfaat  fact  by  the  smell  of  hot 
grease  when  he  least  expects  it. 

Gum  Joints. 

In  making  gum  (rubber)  joints  on  the  flanges  of 
steam  pipes,  too  little  attention  is  usually  paid  to 
bringing  the  flanges  fairly  together.  The  reason  for 
thi«  is  that  it  is  generally  possible  to  make  such  joints 
for  the  time  being  with  the  flanges  considerably  out 
of  truth.  This  is  all  wrong,  however,  as  the  packing 
is  unevenly  compressed,  and  the  strain  on  the  pipe, 
incident  to  screwing  up  the  joint  bolts  constantly, 
tends  to  loosen  the  packing.  Joints  made  in  this 
way  last  but  a  short  time,  and  the  iniquity  of  the 
individual  who  does  the  job  is  charged  against  gum 
packing  generally. 

Flanges  for  gum  joints,  while  they  should  be 
turned  quite  true,  should  not  be  too  smooth.  They 
are  much  better  as  left  by  the  pointed  tool  and  rea- 
sonably coarse  feed,  than  when  finished  with  a 
smoothing  tool.  The  flanges  should  come  together 
quite  fair,  and  the  bolts,  plenty  in  number,  be  screwed 
up  evenly.  After  being  warmed  up  the  bolts  should 
be  tightened,  which  operation  should  be  repeated  once 
a  day  for  three  or  four  days. 

Gum  joints  treated  in  this  way,  which  is  only 
reasonable,  have  a  habit  of  lasting,  which  goes  far 
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towards  redeeming  them  from  the  disgrace  into  which 
they  have  quite  generally  fallen. 

Asbestos  mill  board  is  much  superior  to  sheet  gum 
for  making  steam  joints  tight,  as  the  heat  has  no 
effect  on  it,  and  it  will  sttind  the  highest  pressures. 

No  matter  what  happens,  keep  cool :  don't  get 
excited :  a  cool  head  and  a  steady  hand  are  what  an 
engineer  needs  above  all  else  when  emergencies  arise. 
Remember  break-downs  and  accidents  will  happen 
with  the  best  and  most  experienced  men.  Tell  your 
employer  so — if  need  be — but  be  sure  it  does  not 
happen  through  carelessness  or  ignorance  on  your 
part. 

From  what  has  been  written  the  reader  should  be 
able  to  take  charge  of  and  run  an  engine  intelligently. 
Still  books  are  but  aids,  and  constant  study  and 
observation,  together  with  his  own  experience — 
experience,  the  greatest  and  best  of  all  teachers — will 
enable  him  to  rise  in  his  truly  noble  calling. 

Horse- Power  of  Boilers. 

Q.  Will  you  give  me  a  rule  for  finding  the  horse- 
power of  boilers,  or  in  other  words  I  wish  to  find  the 
heating  and  grate  surface  required  for  each  H.  P.  in 
different  types  of  steam  boilers? 

A.  There  is  no  recognized  standard  rule  for  the 
H.  P.  of  boilers,  either  in  this  country  or  in  England, 
but  there  are  general  rules  which  are  used  for  boilers 
intended  for  economical  work,  viz. :  for  plain  cylinder 
boilers  allow  15  feet  of  heating  surface,  and  1  square 
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foot  of  grate  surface;  for  fine  boilers  15  feet  of  heai>« 
ing  surface  and  f  square  foot  of  grate  sur&oe, 
and  for  tubular  boilers,  well  proportioned,  15  to 
16  square  feet  of  heating  surface  and  J  of  a  square 
foot  of  grate  surface  for  each  H.  P. ;  a  little  more 
titrate  surface  will  give  better  results  in  some  cases. 
The  above  are  the  proportions  for  boilers  and  grate  sur- 
face, but  in  regard  to  the  amount  of  heating  surface 
allowed  per  H.  P.  we  would  say  from  12  to  12 J  feet 
as  a  safe  rule  to  follow.  It  is  not  a  good  plan  to  go 
to  extremes  in  allowing  an  excess  of  heating  surface, 
for  in  it  there  is  no  economy,  as  is  erroneously 
represented  by  some  manufacturers.  A  15  H.  P. 
boiler  is  too  large  for  a  10  H.  P.  engine;  in  other 
words,  it  will  not  work  with  the  same  economy  as  a 
properly  proportioned  boiler. 

Shafting  Out  of  Line. 

Q.  What  is  the  remedy  for  shafting  out  of  line? 

A.  Shafting  is  always  liable  to  get  out  of  line; 
therefore,  it  is  well  to  line  up  as  often  as  twice  a  year, 
to  be  sure  that  all  is  right.  It  has  been  in  times  past 
a  common  thing  to  allow  shafting  to  run  as  long  as  it 
would  go  without  adjusting,  and  then  stop  the  works 
for  a  day  or  two  to  line  up,  which  is  unnecessary,  and 
only  a  loss  of  time.  A  shaft  may  be  leveled  by 
almost  any  one  when  the  hangers  are  properly  made, 
and  can  be  done  at  noon,  or  after  stopping  in  the 
evening,  without  interfering  with  the  business  at  alL 
But  enough  time  should  be  allowed  to  insure  a  good 
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job.  To  line  a  shaft  horizontally  is  but  little  more 
trouble,  if  the  bearings  or  hangers  can  be  moved  in 
that  direction.  Suspended  hangers  should  have  the 
bolt-holes  slotted  for  an  inch  or  more  of  move- 
ment, and  post-hangers  should  have  movable  bearings 
and  permit  side  adjustment.  Assuming  that  there 
are  some  means  of  moving  the  shaft  horizontally, 
a  good  plan  of  adjusting  it  is  by  suspending  a 
number  of  plumb-lines  that  will  bear  against  one 
side  of  the  shaft,  and  reach  down  low  enough  to 
be  sighted  from  the  floor. 

When  a  shaft  is  continuous  over  several  bearings, 
and  presuming  that  the  bending  load  is  evenly 
distributed,  the  bending  strains,  and  consequently  the 
resulting  longitudinal  strains,  are  greatest  at  the 
bearings,  being  at  this  point  double  what  they  are  at 
a  point  midway  between  bearings,  and  the  bending 
strains  are  least  at  the  points  of  contrary  flexure, 
which  points,  in  this  case,  will  be  at  a  distance  from 
either  bearing  slig.htly  over  one-fifth  of  the  distance' 
between  bearings.  Thus,  if  a  continuous  shaft  has 
its  bearings  ten  feet  apart,  the  couplings  ought  to  be 
two  feet  from  the  bearing. 

As  pertinent  to  this  subject,  the  writer  offers  the 
following  arithmetical  formulas  for  the  diameters 
and  the  distances  between  bearings  of  line  shafting  of 
wrought  iron,  premising  that  every  special  case 
requires  its  own  proper  determination,  the  rules  being 
empirical,  but  believed  to  be  sustained  by  correct 
practice,  in  average  shop  and  mill  work. 
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For     shafliDg     carrying     ordinary    belting    and 

pulleys 

80  H  P 

i^ — -  =  cube  of  diameter  of  shaft  in  inches. 

'Vdiam.  of  shaft  in  inches  x  6J  ^  greatest  distance 

between  bearings  in  feet. 

When  the  shafting  merely  transmits  power  carrying 

no  pulleys, 

60  H.  P.  1       /•  J-       X     •    •    1 
— =  cube  01  diameter  m  inches. 

Xi 

'V^iam.  of  shaft  in  inches  x  10  =  greatest  distance 

between  bearings  in  feet. 

H.  P.  =  horse  power  transmitted. 

R.  =  revolutions  of  shaft  per  minute. 

These  rules  do  not  apply  to  the  head  shaft,  where 
the  power  is  first  received. 

Grinding  Poppet  Valves. 

Q.  Give  me  a  rule  for  grinding  poppet  valves? 

A*  The  engineer  of  one  of  our  large  river  boats, 
who  always  seems  fortunate  in  having  tight  valves, 
attributes  the  secret  of  their  keeping  in  that  condition 
to  the  fact  that  he  grinds  them  but  little,  and  never 
with  any  harsh  grinding  material.  His  plan  is  to 
grind  with  fine  quartz  till  they  show  a  seat;  then 
wipe  the  valve  and  seat  quite  clean,  oil  with  sperm  or 
lard  oil,  and  continue  as  if  grinding  for  some  hours, 
and  until  the  two  surfaces  have  a  fine  mirror-like 
appearance. 

It  is  probable  that  the  rubbing  process  hardens 
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both  valve  and  seat,  leaving  them  in  the  best  possible 
condition  to  resist  the  cutting  action  of  steam  across 
.  their  surfaces.  It  is  well  known  that  valves  ground 
with  harsh,  rapid-cutting  material,  though  they  may 
be  tight  at  first,  soon  commence  to  leak,  from  the 
fact  that  the  surfaces  are  soft  and  spongy  as  well  as 
uneven  in  density.  If  left  in  this  condition,  the 
steam  gets  a  slight  start  through  the  softer  places^ 
and  soon  cuts  channels  that  destroy  valve  and  seat. 

Cleaning  Water- Line  Glasses. 

Q.  Will  you  inform  me  of  the  best  method  of 
cleaning  water-line  glasses  ? 

A,  Remove  the  glass  and  clean  with  a  solution  of 
potash,  using  a  swab  on  a  handle  of  wood.  Never 
use  a  rod  of  metal,  as  the  glass  is  liable  to  break 
wherever  it  comes  in  contact  with  it,  even  lightly. 

Spring  for  Indicator. 

Q.  In  selecting  a  spring  for  an  indicator  how  can 
I  select  a  spring  for  a  given  pressure? 

Rule. — Divide  the  boiler  pressure  by  2.5;  the 
quotient  is  the  proper  number  of  spring. 

Example. — Boiler  pressure,  75  lbs.-j-2.6  =  30. 

It  is  good  practice  to  use  as  low  a  number  as  will  do 
/or  the  pressure,  so  as  to  get  the  diagram  on  a  large 
scale. 

To  Find  the  Sizes  of  Cylinders. 

Q.  Give  me  a  rule  for  finding  the  sizes  of  cylinders 
and  point  of  cut-off  for  a  compound  engine,  when 
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the  initial  and  terminal  pressures^  horse  power  and 
piston  speed  are  given. 

A.  Take  the  example  given,  viz. :  horse  power,  100^ 
initial  pressure,  60  pounds  (gauge) ;  and  piston  speed 
400  feet.  First  find  the  number  of  times  the 
steam  is  expanded.  Rule:  Divide  the  absolute 
initial  pressure  by  the  terminal  pressure.  The 
quotient  will  be  the  number  of  times  the  steam  is 

expanded.     Thus,  — — —  =  5,  which  is  the  number 

of  expansions  in  both  cylinders.     The  area  of  low 

pressure   cylinder   is  the   same  as   the   area  of  the 

cylinder    of    a    simple     cylinder    engine    working 

under  the  same   expansion ;    hence  find   the   mean 

pressure  as  for  a  simple  cylinder   by  the  following 

rule:  Find  the  hyperbolic  logarithm  for  the  number 

representing  the  expansion,   to   which   add    1,  and 

multiply  the  sum  by  the  terminal  pressure.     The 

product  will  be  the  mean  pressure.     The  hyp.  log. 

of  5  is  1.609,  and  1.609+1=2.609,  and  2.609  x  15 

=39+,  which  is  the  mean  pressure  in  pounds  per 

square  inch.     The  area  of  cylinder  is  found  by  the 

following  rule :  Multiply  33,000  by  the  number  of 

liorse  power,  and  divide  the  product  by  the  piston 

speed,    multiplied     by    the    mean    pressure.      The 

quotient  will   be  the  area  of  the  cylinder  in  inches. 

33,000x100       ^, ,  , 
Thus,,    .^r.  or^ —  =  211.5+,  which  corresponds  to 
'     400x39 

a  diameter  of  about  16 J".     The  diameter  of  high 

pressure  cylinder  should  be  such  as  to  equalize  the 
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maximum  strains  on  the  two  pistons ;  in  other  words, 

the  expansion  should  be  the  same  in  each  cylinder. 

Hence  to  find  the  area  of  high  pressure  cylinder: 

Divide  the  area  of  low  pressure  cylinder   by   the 

square  root  of  the  number  of  times  the  st^am  is 

expanded.     The  quotient  will  be  the  area  of  high 

211i 
pressure  cylinder  in  inches.     Thus,  ~T/p:"=  94.5.  +, 

which  corresponds  to  a  diameter  of  about  11".     To 

find  the  point  of  cut-oflF  in  high  pressure  cylinder: 

Divide  the  area  of  the  high  pressure  cylinder  by  the 

area  of  the  low  pressure  cylinder.     The  quotient  will 

be   the   fraction  of   stroke  which  should    be   made 

94.5 
before  steam  is  cut  off.     Thus,  ^         =  .446  +  which 

^11.0 

is  the  point  of  cut-off  in  the  high  pressure  cylinder 
measuring  from  the  commencement  of  the  stroke, 
For  the  problem  submitted  we  have:  Diameter  of 
low  pressure  cylinder,  16|^" ;  diameter  of  high  pressurci 
cylinder,  11J'\  Point  of  cut-off  in  high  pressure 
cylinder,  .446  of  stroke.  This  consideration  of  the 
subject  is  purely  theoretical,  and  expresses  what  ought 
to  be  rather  than  what  is.  For  instance,  an  allowance 
must  be  made  for  back  pressure,  loss  of  pressure 
l>etween  the  cylinders,  friction  of  engine,  etc.  No 
absolute  rule  can  be  given  for  this,  nor  even  an 
approximation,  unless  all  the  details  of  construction 
are  known.  In  practice  the  dimensions  of  cyliliders, 
as  found  above,  would  be  increased  to  an  extent 
which  corresponded  to  the  individual  builder's  taste 
or  experience* 
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Hot  Journals. 

Q.  ^s  it  a  gqoi  plan  for  the  tx'eatment  of  a  hot 
journal,  which  runs  in  a  box  lined  with  Babbitt 
metal,  to  apply  cold  water  until  the  bearing  is  cold  ? 

A,  Yes.  As  soon  as  the  heat  is  reduced  apply 
tallow  containing  a  large  percentage  of  graphite 
(black  lead),  which  will  restore  the  surface  of  the 
journal  if  not  too  badly  cut.  Sulphur  is  good  to 
cool  a  journal  but  it  is  to  be  dreaded  afterwards,  as 
it  forms  scales  which  will  again  cut  the  journal ;  it 
may  take  a  little  longer  to  cool  the  journal  with  the 
former  compound,  but  it  is  the  best  in  the  end.  2.  Is 
water  a  good  lubricator?  A.  No.  This  was  proved 
conclusively  by  the  experiments  of  General  Morin. 
3.  Why  do  sulphur  and  plumbago  tend  to  cool  hot 
journals?  A.  There  is  nothing  in  either  one  which 
possesses  the  qualities  of  cooling  hot  journals.  The 
philosophy  of  the  phenomena  is  this :  The  plumbago 
or  sulphur  being  put  on  a  journal,  the  fine  powder 
fills  up  the  cavities  and  grooves  caused  by  the  heat- 
ing and  abrasion  of  the  surfaces,  thus  forming,  as  it 
were,  a  new  surface.  Plumba^^o  being  of  a  fine  metallic 
nature  puts  a  polished  surface  upon  a  journal  which 
with  a  little  attention  will  cool  down  and  cause  no 
more  trouble. 

Condensing  Surface. 

Q.  We  have  a  compound  engine,  high  pressure 
cylinder,  14"xl6";  low  pressure  cylinder,  26"xl6"; 
boiler  heating  surface  ample.     We  calculate  to  run 
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the  engine  150  revolutions  per  minute^  using  'steam 
at  ninety  pounds  pressure.  We  are  provided  with 
an  air  pump,  6"  diameter  by  12"  stroke,  and  a  circu- 
lating pump  of  a  capacity  of  8,000  gallons  per  hour. 
We  wish  to  know  the  least  number  of  square  feet  of 
condensing  surface  we  can  depend  on  for  a  satisfactory 
vacuum.  We  propose  to  make  our  surface  condenser 
of  brass  tubes,  f "  outside  diameter,  and  to  use  the 
steam  inside  and  water  outside  the  tubes.  Would  a 
different  style  of  air  and  circulating  pump  make  any 
difference?  What  would  be  the  difference  with  the 
steam  on  outside  of  tubes  ? 

A.  The  condensing  surface  should  be  proportioned, 
to  the  amount  of  steam  used,  which  would  in  turn 
depend  on  the  point  of  cut-off.  It  is  also  propor- 
tioned to  temperature  and  quantity  of  water  circulated. 
We  should,  as  we  understand  the  conditions,  mak^c^a 
condenser  having  600  feet  of  cooling  surface.  Con- 
densers are  made  with  the  water  inside  or  outside  of 
tubes,  according  to  the  views  of  the  builder.  When 
properly  constructed  and  proportioned,  they  work 
satisfactorily  either  way.  You  do  not  describe  your 
air  pump,  but  there  should  be  no  difficulty  with 
that.  The  particular  kind  of  circulating  pump  is 
immaterial,  so  long  as  the  water  is  supplied  ^s 
wanted. 

Speed  of  Engine  and  Velocity  of  Piston. 

Q.  Does  an  increase  of  speed  of  an  engine  increase 
its  power  as  indicated  by  the  dynamometer?  Of 
course  it  would  if  the  shafting  it  was  driving  waa 
35 
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geared  down  to  its  former  speed,  but  that  is  not  the 
question,  steam  pressure  is  constant. 

A,  The  power  of  an  engine  increases  as  a  direct 
ratio  of  the  velocity  of  the  piston.  For  illustration, 
take  an  engine  with  a  cylinder  20  inches  diameter, 
and  24  inches  stroke,  running  at  a  velocity  of  50 
revolutions  per  minute,  with  a  mean  effective  cylinder 
pressure  of  30  pounds.  Then  the  area  of  piston 
multiplied  by  200,  the  velocity  of  piston  in  feet  per 
minute,  and  that  product  divided  by  33,000,  the 
equivalent  of  one  horse-power,  and  the  quotient 
multiplied  by  30,  number  of  pounds  mean  effective 
pressure  will  give  a  result  of  27.810  H.  P.  Now 
take  the  same  engine,  all  other  things  being  equal, 
with  a  velocity  of  piston  of  400  feet  pier  minute,  and 
the  result  will  be  55.620  H.  P.,  and  as  a  third  exam- 
ple, take  a  piston  velocity  of  600  feet  per  minute  and 
the  result  will  be  by  the  above  rule,  83.430  H.  P. 
Gearing  the  shaft  down  would  make  no  difference  as 
the  indicator  is  to  be  placed  on  the  engine  to  ascertain 
the  actual  developed  H.  P. 

Diameter  of  Flues  and  Tubes. 

Q,  Give  me  a  rule  for  proportioning  the  diameter 
of  flues  and  tubes  to  suit  the  diameter  of  shell  of 
boiler? 

A.  The  total  tube  area  of  boilers  must  not  be  less 
than  one-eighth  (J),  and  not  more  than  one-fifth  (l-5th) 
ihe  total  grate  surface  of  boiler ;  grate  surface  with 
natural  draught  from  32  to  34  to  1  compared  with 
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heating  surface.  Ex|)eriraents  made  by  W.  H.  Hoff- 
man, with  fifteen  (15)  different  boilers,  showed  tliat 
the  total  tube  area  gave  the  best  evaporation  when 
sub-divided  fifty -four  (54)  times,  the  tubes  being  forty- 
eight  (48)  diameters  long,  and  the  slielis  all  being 
above  42''  in  diameter,  the  largest  being  66"  diam- 
eter. Now,  as  tubes  less  than  2J"  in  diameter  are 
entirely  useless  with  natural  draught,  shells  under 
42"  should  not  and  really  cannot,  with  any  economy, 
be  sub-divided  more  than  thirty -six  (36)  times;  and 
thirty  (30)  divisions  on  a  36"  shell  will  give  within 
a  fraction  the  same  evaporation  as  a  3J"  tube  in  a 
66"  shell,  provided  the  2J"  is  no  more  than  forty- 
eight  (48)  diameters  long.  There  are  no  text-books 
that  give  the  proportions  asked  for. 

Pressure  to  be  Allowed  a  Boiler. 

Q,  Please  give  me  a  formula  for  calculating  the 
pressure  to  allow  a  boiler,  the  diameter  and  thickness 
of  boiler  plate  being  given. 

A.  Formula:  P=Ty.  O-r-D  in  which  P=Burst- 
ing  pressure,  2)=  Diameter  of  shell,  0=Constant, 
being  1097  for  single  riveted  iron,  and  1372  for 
double  riveted ;  1723  for  single  riveted  steel,  and 
'  2156  for  double  riveted.  The  stays  upon  the  heads 
should  be  5  J"  from  ^^nter  to  center.  If  these  direc- 
tions are  followed,  the  boiler  will  be  likely  to  give 
satisfaction. 


'! 


INDEX. 


/Lbendroth  &  Bont  manufacturing  oo. 
steiiin-boiler,  93-95. 

Abuse  of  steam-boilers,  124, 126. 

Accidents,  keep  cool  under,  401. 

Admission  line  of  indicator,  301,  303. 

Agricultural  engine,  requisites  for,  170. 

Agricultural  engines,  standard  Ameri- 
can, 170-175. 

Alban,  Dr.,  U.  S.  N.,  experiments  with 
steiim-boilers,  lUO. 

Allen  cut-off  valve,  55. 

Allen  engine,  50-53. 

Allen  engine,  performance  of  at  the 
American  Institute,  52,  53. 

Allen  governor,  280-282. 

Allen  governor,  construction  of,  280, 281. 

Allen  governor,  peculiar  action  of,  282. 

Alien  governor  valve,  282. 

American  Institute,  experiments  on 
priming  in  boilers,  110. 

American  portable  steam-engines  and 
boilers,  129-169. 

American  stationary  boilers,  88-128. 

American  stationary  engine,  character- 
istics of,  62, 

Amoskeag  steam  fire-engine,  179. 

Ash  pans,  397. 

Atmospheric  line  of  indicator,  301, 303. 

Automatic  cut-off,  55. 

Automatic  cut-off  engine,  advantages 
of,  65. 

Automatic  cnt'Off  engine,  Watertown, 
79-82. 

Automatic  cut-off  engine,  Woodbury, 
Booth  &  Pryor*s,  62-66. 

Automatic  cut-off  valve  gear,  75. 

Automatic  engine,  69-75. 

Automatic  engine,  Harttbrd,  69-75. 

Babcock  &  Wilcox's  expansion  genr,  56. 
Babciick  &  Wilcox's  water  tube  boiler, 

95-105, 
Back  pressure,  366. 

Bates'  patent  steam  generator,  108-112. 
Baxter  steam-engine,  129-132. 
Baxter        steam-engine,        advantages 

cUfciraed  for,  131. 


Baxter  steam-engine  boiler,  130. 
Beam  motion.  Sickles',  54,  55. 
Bearings  of  Buckeye  engine,  71. 
Bed  of  Buckeye  or  Harifurd  automatic 

engine,  69. 
Behr,  Dr.,  experiments  on  combustion, 

117. 
Bellows,  the  history  of,  336. 
Belts,  governor,  399. 
Belts,  loose,  399. 
Blake  stoam-pump,  229-232. 
Blow  cocks  and  blowing  out,  391,  392. 
Blowing  out,  391,  392. 
Blowing    out  water  from    the    boiler, 

while  the  boiler  is  still  hut,  injurious 

effects  of,  126. 
Boiler,  clean,  391. 
Boiler  cylinder,  88. 
Boiler  efficiency,  118, 119, 
Boiler   explosions,  one   of  the   prime 

causes  of,  339. 
Boiler,  filling  up  the,  392. 
Boiler  pressure  line  of  indicator,  301, 

308  309 
Boiler,  the  Silsby,  186, 187. 
Boiler,  vertical  fire  tnbe,  89,  90. 
Boilers,  abuse  of,  124-126. 
Boilers    and   steam-engines,    practical 

notes  on  the  management  oty  355-411. 
Boilei-s,  cleaning  out,  126. 
Boilei-s,  cooling  off,  125. 
Boilers,  flue,  88. 
Boilers,  forms  of  present,  88. 
Boilers,  horse-power  of,  114-116i,i0l,402. 
Boilers,  repairs  to,  :^61-:{63. 
Boilers,  scaling,  »77,  378. 
Boilers,  standard  American  stationary, 

88-1 28 
Boilers,  testing,  126. 127. 
Bookwalter  engine,  153-155. 
Bonlen  pressure  gauge,  351,  852. 
Bourne,  John,  on  combustion,  117, 118. 
Boxes,  loose,  399. 
Bradford's    excelsior   portable   engine, 

174,  175. 
BniKses,  examining,  381. 
Brathwaice's  steam  fire-engine,  1830, 177. 
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Bnckeje  automatic  engine,  69-75. 
Buckeye  system  of  valve  gear,  69. 

Cameron  steam-pump,  205,  206. 

Gam  pump,  Day  tun,  214-220. 

Centennial  Exhibition,  standard  of 
boree-power  adopted  by  the  judges,  115. 

Chase  elemental  steam  governor,  272-280. 

Chase  elementHl  steam  governor,  ad- 
vantages claimed  for,  278,  279. 

Chase  elemental  steam  governor,  con- 
struction and  operation,  274-271). 

Chase  flomental  steam  governor,  de- 
tiiils  of,  27f),  276. 

Chase  olementJil  stetini  governor,  pecu- 
liarities of,  272,  273. 

Cherry,  John,  tests  with  Bates'  steam 
generator,  112. 

Clapp  &  Jones'  steam  fire-engine,  180, 
181. 

Clean  water  line  glasses,  404,  405, 

Clearance  line  of  indiaitor,301,  310. 

Coal  be<ls,  carbon  of,  xxvii.,  xxviii. 

Coal  Consumed  per  hour  for  each  square 
foot  of  grate  surface,  209. 

C<»al  for  steam  purposes,  387,  388. 

Columbian  eitgine,  Evhiis',  42, 43. 

Combustion,  116-118. 

Combustion  chamber,  113. 

Compression  line  of  indicator,  301,  308. 

Condenser,  Buckeye  engine,  83. 

Condenser,  effect  of  a,  83. 

Condensers,  84. 

Condensing  steam-engine,  xxx.-xxxiii. 

Condensing  surface,  4U8,  409. 

Connecting  rod  of  Buckeye  engi!ie,70. 

Corliss  engine,  (»1,  02. 

Corliss  engine  of  Watrs,  Campbell  & 
Co.,  57-60. 

Corlis.-',  George  II.,  the  first  to  attach  the 
governor  to  a  drop  cut-off  motion,  55. 

Counter  or  register,  how  to  read,  3&6. 

Counter,  pressure  line  of  indicator,  301, 
308. 

Covering  steam  pipes,  etc.,  123, 124. 

Crank  of  Buckeye  engine,  71. 

Gnink  pin  and  crank  pin  boxes  of  Buck- 
eye engine,  70. 

Crosby  adjustable  pop  safety  valve,  342- 
347. 

Cn>sby  adjustable  pop  safety-valve,  ac- 
tion of  when  working  under  steam, 
343-345. 

CroHl)y  adjustable  pop  safety-valve,  ad- 
junting,  345,  346. 

Crosby  Hdjjnstable  pop  safety-valve,  cau- 
tion in  regard  to,  346,  347. 

Ciosby  adjustable  p  'p  safety-valve,  de- 
scription of,  242,  243. 

Crosby  adjui^table  pop  safety-valve  for 
portable  endnes,  344. 

Crc9l>y  adjustable  pop  safety-valve, 
grinding,  345. 


Crosby  high  speed  indicator,  293,  29 1. 

Crosby  improved  pressure  gauge,  352- 
354. 

Crosby  improved  pressure  gauge,  ad- 
vantages claimed  for,  354. 

Crosby  improved  pressure  gauge,  the 
effects  wbich  it  overcomes,  352-354. 

Crosby  indicator,  286-294. 

Cri«by  indicator,  advantages  claimed 
for,  290,  291. 

Crosby  indicator,  directions  for  nsing^ 
294-300. 

Crosby  indicator,  what  can  be  ascer- 
tained by  the  use  of  it,.  291-293. 

Cross-head  of  Buckeye  engine,  70. 

Cross-head,  to  line  up  the,  372. 

Cut-off,  automatic,  55. 

Cut-off  getir  of  Greene  engine,  60. 

Cut-off  of  automatic  cut-off  engine,  63. 

Cut-off  of  Wheelock  engine,  67. 

Cut-off,  point  of,  on  stationary  engines, 
determined  by  the  governor,  54. 

Cut-off,  Sickles',  54. 

Cut-offs,  53-f  5. 

Cylinder  and  frame  of  Allen  engine,  51. 

Cylinder  boiler,  88. 

Cylinder  of  the  Baxter  engine,  131. 

Cylinder  of  Watei  town  portable  engine, 
159. 

Cylinder,  to  find  the  capacity  of  in 
gallons,  209. 

Cylinders  of  Wheelock  engine,  68,  69. 

Cylinders,  to  find  the  sizes  of,  405-407. 

Dairy  engine.  Excelsior,  16<H09. 

Dash-iH)t,  Corliss',  tiO. 

Dash-iKjt,  Sickhss',  58,  59. 

Daviddon  steam -pump,  196-301. 

Dayton  com  pump,  214-220. 

Dean  steam-pumx),  212-214. 

Deane's  iiatent  steam -pump,  227-229. 

Detachable  valve  gear,  54. 

Diagram  indicator,  297,  300,  315. 

Diagram  indicator,  explanation  of  lines 
of,  301-313. 

Diiigram,  indicator,  how  to  take,  295-298. 

Diameter  of  fines  and  tubes,  a  rule  for 
proportioning,  410,  411. 

Direct-acting  engitio,  vertical,  45-49. 

Direct-acting  in  a  pumping  engine,  what 
it  is,  224. 

Direct-acting,  positive  motion  steam- 
pump,  the  invention  of,  223. 

Double-acting  bucket  plunger  steam- 
pump,  210-212. 

Drop  cut-off  engine,  63, 54. 

Eccentric  of  Buckeye  engine,  71. 
Eclipse  agricultural  engine,  170-174. 
Eclipse  portiible  engine,  135-144. 
Economy   of  non-condensing  engines, 
best   possible,  with   a   given   boiler 
,     pressure,  82. 
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Economy  of  the  steam-eng^ine,  82-84. 
BnginAera,  qnaiificatioiisfor,  xxv.,  xxvi. 
Engines,  stationary,  41-87. 
England,  fire-engines  in,  177. 
England,  hand-squirts  for  extinguishing 

fires  in,  177. 
Evans'  non-condensing  engine,  42. 
Evans,  Oliver,  41-43. 
Evans*  parallelogram,  42. 
Excelsior  dairy  engine,  16G-1G9. 
Exhaust  line  of  indicator,  301, 307. 
Exhaust  nozzle  of  Taylor  manufacturing 

Co.,  157. 
Expanding,    steam    gain  hy,    xxxiii., 

xxxiv. 
Expansion  gear,  Babcock  &  Wilcox  *s,  66. 
Expansion  gear,  Oreeiie's,  55,  56. 
Expansion  gear,  Wright's  engine,  56. 
Expansion  line  of  indicator,  301, 305. 
Expansion  gears,  forms  of,  56. 
Explosion  of  steam-boilers,  causes  of, 

Ul,  128. 


Farts  for  the  consideration  of  boiler- 
makers  and  boiler-owners,  339-342. 

Feeding  boilers,  395. 

Filling  up  the  boiler,  892. 

Fire-engine  first  coustnicted  at  Nur- 
emberg, 176. 

Fire-engine,  Silsby  steam  rotary,  187-191. 

Fire-enginen,  history  of,  176-178. 

Fire-engines,  standiurd  American* steam, 
176-195. 

Fire,  how  thick  it  should  be  carried,  386. 

Fire,  to  bank  a,  387. 

Fire,  to  clean  a,  386,  387. 

Fire  tools,  388. 

Fire-tube  boiler,  vertical,  89,  90. 

Fires,  history  of  the  various  methods  of 
extinguishing,  176-178. 

Fires,  starting,  3"<4,  385. 

Firing,  modes  of,  393. 

Firing,  the  hill  and  hollow  method,  394. 

Firing,  the  "kill'em"  quick  method,  394. 

Firing,  the  pan-cake  method,  ii95. 

Firing,  the  scoop  method,  895. 

Firing,  the  turtle-back  method,  394. 

Firing,  the  wedge  method  of,  393,  394. 

First  thing  to  be  done  in  the  morning, 
398. 

Fisher's  steam  fire-engine,  1860, 178. 

Flues  and  tubes,  rulus  for  proportioning 
the  diameter  of,  410,  411. 

Fly-wheel  of  an  engine,  necessity  for, 
264. 

Fly-wheel  of  an  engine,  object  of,  264. 

Fly-wheels,  rules  for  finding  the  weight 
of,  86,  89. 

Foaming,  388-390. 

Flick's  eclipse  agricultural  engine,  170- 
174. 

Friction,  xxxvii.,  xxxviii. 


Friction,  power  necessary  to  overcome, 

xxxviii. 
Fri<Hlmann's  injector,  269-263. 
Frietlniann's  injector,  attaching,  263. 
Friedmann's    injector,    distinguishing 

featuies  of,  259. 
Friedmann's  lifting  injector,  261. 
Friedmann's  lifting  iigector,  method  of 

working,  261. 
Friedmann's  non-lifting  ii\jectnr,  2G0- 

262. 
Friedmann's  non-lifting  iujoctor,  meth- 

od  of  working,  262. 
Fuel,  119. 
Fuel  consumed  f>r  each  cubic  foot  of 

water  evajmrated,  209. 
Furnace  d<x)r  open,  397. 
Furnace,  efficiency  of,  116. 
Furnace,  looking  into  the,  398. 

Gardner*s  patent   tri-cylinder   engine, 

144-149. 
Gauge  and  gauge-cock,  390,  391. 
Gauge  cocks,  357. 
Gauge,  Crosby  improved  pressnre,  352- 

354. 
Gauge  of  automatic  cut-off  engine,  64. 
Gauges,  glass,  355-357. 
Gauges,  steam,  351-354,  393. 
Giflard,  M.,  invention  of  the  injector  by, 

233. 
Giffani  injector,  the,  234-238. 
Gland,  stufflug-box,  399. 
Glasi  gauge  and  gauge-cock,  390,  391, 

396. 
Glass  gauge  bursts,  397. 
Glass  gauges,  355-357 . 
Glass   water  gauge   and   gauge-cocks, 

proper  p(«itions  for,  358. 
Governor,  attached  to    a  drop  cut-off 

motion  by  G.  II.  Corliss,  55. 
Governor  belts,  399. 

Governor,  common  method  of  construct- 
ing, 265,  266. 
Governor,  necessity  for  simplicity  and  di- 

rect  action  in,  266. 
Governor,  necessity  of  to  regulate  an 

engine,  264-266. 
Governorof  automatic  cut-off  engine,  64. 
Governor  of  Buckeye  engine,  7^  74. 
Governor  of  Watertown  engine,  81. 
Governor,  pendulum,  265. 
Governor,  Pickering  spring,  266-270. 
Governor,  the  Allen,  280-282. 
Governor,  the  Chase  elemental  steam, 

272-280. 
Governors,  steam-engine,  264-282. 
Grate  bara,  355,  397. 
Gravity,  centre  of,  xxxvi. 
Greene  engine,  60-62. 
Greene's  expansion  gear,  55,  56. 
Grinding  in  of  valves,  cocks,  etc.,  378, 

379. 
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Griuding  poppet  ralvra,  404,  406. 

GumjointB,  4U0,  401. 

Qy ration,  centre  of,  xxxvi. 

Hammer  test  of  boilers,  126, 127. 

Hancock  inspirator,  24:i-246. 

Hartford  automatic  engine,  69-75. 

Hawksbee  experimenti  of  1719,  233. 

Heating  surface,  arrangement  of,  113. 

llewes  &  Phillip's  iron  works,  53. 

High  pressure  or  non -condensing  en- 
gine, invention  of,  41. 

High  pressures  of  steam,  economy  in 
the  use  of,  9*2. 

High  pressuios  of  steam,  tendency  to 
the  use  of,  9'i. 

High  rotative  speeds,  value  of,  85,  86. 

Hirn,  M..,  experiments  on  amount  of 
priming  in  different  Itoilers.  116. 

Hodge's  steam  fire-engine.  Now  York, 
1841, 178. 

Holly  rotary  engine,  181-188. 

Homer,  reference  to  the  bellows  by,  337. 

Horse-power  of  an  engine,  how  to  cal- 
culate, 3(57-369.  I 

Horse-power  of  biulers,  114-116,401, 4«2. 

Horse-power  of  boilera,  standard  of,  114,  I 
115.  I 

Hor8e-iK)wer  of  boilers,  to  calculate  the,  , 
208,  209. 

Horizontal  direct-acting  engine,  49. 

Horizontal  tubular  boilers,  90-95.  j 

Hot  crank-piu,  398. 

Hot  journals,  408.  j 

Hydraulic  test  of  boilers,  126, 127. 

Hyperbolic  logarithms,  table  of,  370. 

Hyperbolic  logarithms,  use  of,  369,  370.    | 

Improved   piston,  object   in   the   cou- 

structi<»n  of,  :«2.  I 

Incru»4tation  and  scale,  120-123.  I 

Incrustation  and  scale,  means  of  pre- 
ventii>n,  121-123. 

India  rubber  valve  for  pumps,  8'). 

IndicHtor,  283-315. 

Indicator,  admission  line,  301,  303. 

Indicator,  advantages  of.  283. 

Indicator,  atmospheric  line,  301,  303. 

Indicator,  boiler  pressure  line  of,  301, 
308,  309. 

Indicator,  compression  lino  of,  301,  308. 

Indicator,  clearance  line  of,  301,  310. 

Indicator,  Crosby,  2>^6-294. 

Indicator  diagram,  how  to  take,  295-298. 

Indicator  diagram,  value  of  in  interpre- 
ting the  action  of  a  slid6  valve,  3'Z2. 

Indicator  diagsams,  297,  300-315. 

Indicator,  directions  for  using,  294-300. 

Indicator,  exhaust  line  of,  301,  307. 

Indicator,  expansion  line  of,  301,  305. 

Indicator,  history  of,  284-286. 

Indicator,  how  to  attach  it,  294. 

Indicator,  how  to  take  apart  and  clean, 
298-300. 


Indicator,  invention  of,  284. 

Indicator  line  of  counter  pressure,  301, 

.308. 
Indicator,  McNaughfs,  284,  285. 
Indicator,  Richard,  285. 
Indicator, selecting  a  spring  for,  404, 406. 
Indicator,  steam  line  of,  301,  305. 
Indicator,  the  Crosby  high  speed,  293, 

294. 
IndicKtor,  theoretic  curve  of,  301,  310. 
I  idi  ator,     to    compute    the    average 

pr^-ssures  by,  313-315. 
Indicator,  vacuum  line  of,  301, 309,  310. 
Indicator,  Watts,  284. 
Injector,  ailvantnge   of  using  to  feed 

steam-boiters,  240. 
Injector,  Friedmann's,  259-263. 
Injector,  Friedmann's  lifting,  260, 261. 
Injector,  Friedmann's  non-lifting,  260- 

262. 
Injector,  Keystone,  255-259. 
Indicator,  object  of,  283. 
Injector  of  1876,  automatic  Rdjuslment 

of  supply  of  water  to,  240-243. 
Injector  of  1876,  object  designed  to  be 

attained  by  it,  240. 
Ii^ector,  self-adjustment  in,  239. 
Injector,  the  Gilfard,  234-238. 
Injector,  the  Koiting  universal,  252-254. 
Injector,  the  Kuo  little  giant,  246-251. 
Injector,  theory  ..f,  233-238. 
Injector,  to  obtain  the  full  advantage 

of  240. 
Injectors,  2a3-2«3. 
Inspirator,  Hnncock,  243-246. 
Isochronal  pumping  engine,  201-205. 

Journal,  to  key  up  or  screw  down  a,  381. 

Keystone  injector,  255-269. 

Keystone  injector,  advantages  claimed 

for,  265. 
Keystone  injector,  non  suction,  255-257. 
Keystone  lifting  injector,  259. 
Keystone  suction  injector,  257-259. 
Korting  injector,  fixing,  253,  254. 
Korting  injector,  manipulation,  254. 
Korting  universal  injector,  252-254. 

Lap,  321,  322-324. 

Lap,   importance   of  putting   upon   a 

slide  valve,  322. 
Last  thing  to  be  done  at  night,  398. 
Intent  heat,  xxxviii. 
Latent  h€>at  of  stenm,  xxxviii. 
Latta  steam  fire-engine,  178. 
Lead,  320,  321,  324. 
Leaky  tubes,  363. 
Lift  of  a  valve,  the  proper,  361. 
Liners,  376,  377. 
Line  up  the  cross-head,  372. 
Line  up  the  shaft,  372,  373. 
Line  up  the  slides,  371. 
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Lining  np  an  engine,  371. 

Little  giant  injector,  tlie,  246-251. 

Logarithms,  liyberbolic  use  of,  369,  370. 

Logaritiims,  table  of,  370. 

Loose  belts,  399. 

Loose  boxes,  399. 

Low  water,  357-359. 

McNanghfs  indicator,  284, 285. 
Management    of     steam-engines    and 

boilers,  practical   notes  on  the,  355- 

411. 
Management  of  steam  fire-engines,  rules 

for,  191-195. 
Marking  engines,  366. 
Mean  pressure,  to  find  the,  369,  370. 
Mechanical   power,    what   meant   by, 

xxxvii. 
Mechanical  powers,  xxxvii. 
Meyer  system  of  valve  gear,  49. 
Mud  drum,  the,  112. 

National  steam  pump,  221-223. 

Newcomeii's  atmospheric  enfdne,  41 . 

New  York,  number  of  titeam  fire-engines 
in  use  in,  179. 

Non-condensing  engines,  to  compute 
the  average  pressures  of,  313-315. 

Non-condensing  or  high  pressure  en- 
gine, inventi'*n  of,  41. 

Norris  pulley  cover  a  cure  f«>r  slipping 
belts',  399. 

Nuremberg,  first  fire-engine  constructed 
i»,  176. 

Oil  feeders,  patent  automatic,  400 

Oiling,  381. 

Oils,  380. 

Oscillation,  centre  of,  xxxvi. 

Packing,  380,  382. 

Packing,  cuttiug  of,  by  piston  rod,  etc., 
382. 

Packing  of  steam  pistons,  382,  383. 

Packing,  putting  in  and  taking  out, 
384. 

Papin's  safety  valve,  a.  d.  1695,335. 

Patches,  hard  and  soft,  for  boilers,  362. 

Pendulum  governor,  265. 

Philadelphia,  number  of  steam  fire- 
engines  in  use  in,  179. 

Philosophy  and  operation  of  the  steam- 
engine,  xxvi.-xxxix. 

Pickering  spring  governor,  266-270. 

Pickering  spring  governor,  advantages 
claimed  for,  267. 

Pickering  spring  governor,  extreme 
sensitiveness  of,  267. 

Piston  and  its  rings,  329-332. 

Piston,  friction  of,  3:^2. 

Piston,  improved,  3:30,  3:i2. 

Piston  in  general  use,  329,  .330. 

Piston  of  Buckeye  engine,  70. 


Piston  of  Blake  steam-pump.  231. 
Piston  of  Wright  engine,  78. 
Piston  packing,  precaution  observed  in, 
.  383. 

l^iston  speed  of  Allen  engine,  51. 
Piston,  to  tell  when  it  is  tight,  383. 
Piston,  to  tell  when  the  centre  is  in  liie 

centre  of  the  cylinder,  383. 
Piston,  velocity  of,  and  speed  of  engine, 

409,  410. 
Piston,  Wheel«x:k,  69. 
Pistoud,  bearing  surfaces  of,  332. 
Pliny  on  the  history  of  the  bellows,  336. 
Pond  k  Bi-adford  sectional  boiler,  105- 

108. 
Poppet  valves,  grinding,  404, 405. 
Pop  safety-valve,  Crosby  adjustable, 342- 

347 
Pop  safety-valve,  the  Scoville,  347-350. 
Portable    engine,  improved,  of  Taylor 

Manufacturing  Co.,  155-158. 
Portable  engine  of  Skinner  &  Wood, 

149-153. 
Portable   engine    of   the    Watertown 

Steam-engine  Co.,  132-131,  158-166. 
Portable    steum-engines    and    filers, 

standard  American,  129-169. 
Positive  motion,  exfMtnsiou  gear,  type 

of  engine,  53 
Positive  motion  in  a  pumping  engine, 

what  it  is,  224. 
Practical  notes  on  the  management  of 

steam-engines  and  boilers,  355-411. 
Pressure  gauge.  Bourdon,  351,  352. 
Pressiire  gauge,  Crosby  improved,  352- 

354. 
Pressure,  method  of  ascertaining  the 

effective,  315. 
Pressure  to  be  allowed  a  boiler,  411. 
Pressure,  to  find  the  mean,  369,  370. 
Pressures,  to  compute  the  average  by 

the  indicator,  313-315. 
Priming,  cause  of,  in  boilers,  115, 116. 
Pulley  cover,  the  Norris,  a  cure  for  slip- 
ping belts,  399. 
Pump  cylinder,  diameter  of,  to  move  a 

given  quantity  of  water  per  minute, 

209. 
Pump,  Deane's  patent  steam,  227-229. 
Pump,  directions  for  setting  and  con- 
necting, 207,  208. 
Pump,  Knowles^  patent  steam,  223-227. 
Pump,  national  steam,  221-223. 
Pump  of  the  Holly  Botary  engine,  183^ 

185. 
Pump,  the  Blake  steam,  229-232. 
Pump,  the  Cameron  steam,  205,  206. 
Pump,  the  Davidson  steam,  196-201. 
Pump,  the  Dayton  cam,  214-220. 
Pumping  engine.  Isochronal,  201-205. 
Pumps,  calculations  concerning,  84,  85. 
Pumps,  India-rubber  valves  for,  85. 
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Pumpe,  standard  American  Bt(>am,  196- 
232. 

Qualifications  for  eiigiiieera,  xxt.,  xxvi. 

Badiation,  loss  by  from  unclothed  pipes, 

I2:i. 
Raiiisb'ittom,  Mr.,  ai>pIicHtion  of  metallic 

luicking  rings  to  pi>ton,  330,  332. 
Register  or  (x>unter,  how  to  read,  366. 
Regulation  of  an  engine,  264-266. 
Release  of  steam,  320,  321. 
Requirements  of  a  perfect  steam  boiler, 

112-114. 
Richards'  indicator,  285. 
Rings  and  followers,  scmping  the,  384. 
Rings,  metallic  packing  to  piston,  330- 

3:^2. 
Roman  writers,  allusions  of,  tomcM^hines 

for  wxtingiiishing  ftr«-s,  176. 
Rotaiy  engine,  the  Holly,  181-1K6. 
Rottirf  steam  fire-engine,  Silsby,  187- 

lyi. 

Rubbing  Burfiaces,  friction  of,  xxxviii. 
Rue  little  giant  injector,  246-251 . 
Bulcs  for  the  maiiHgement  of  steam  fire- 
engines,  191-195. 

Safety  valve  an  indispensable  addition 

to  H  boiler,  :i38. 
Safety  valve,  common  faults  of,  340. 
Safety  valve,  common  type  of,  supreme 

fault  of,  339. 
Snfety  valve,  conditions  necessary  in  a, 

338,  339. 
Safety  valve,  Crosby  adjustable  pop, 342- 

3-i7. 
Safety  valve,  eflFective  in  proportion  to 

its  lift,  340. 
Safi'ty  valve,  engineers  do  not   place 

tiieir  trust  in  it  nlone,  338. 
Safety  valve,  how  it  should  be  located, 

338. 
Safety  valve,  how  to  set  a,  &59-361. 
Safety  valve  kept  open  while  raising 

steam,  385. 
Safety  valve,  manner  of  calculating  and 

proportioning  its  psirts,  333. 
Saioty  valve,  necessity  for  a   real,  has 

resulted     in     improved      American 

valves,  341. 
Safety  valve,  Papin's,  A.  i>.  1695,  335. 
Safety  VHlve  should  be  large  enough  to 

allow  all  the  steam   to  escape  with 

sufficient  rapidity,  liSS. 
Safety  valve,  the  Scoville  pop,  347-350. 
Safety  valve,  what  it  is,  :«7,  338. 
J^afoty  valves,  333-350.  390,  396. 
Safety  valves,  antecedents  of,  333. 
i^afety  valves,  history  of,  333. 
Safety  valves,  improved  American,  341- 

360. 
Scale,  120-123. 


Scale,  analyses  o^  120. 

Scale,  incrustation,  and  means  of  preTen- 

tion,  121-123. 
Scale,  loss  of  fuel  from,  120. 
Scale,  prevention  of,  393. 
Scaling  boilers,  377,  378. 
Schwackhoflfer,  Prof,  of  Vienna,  experi' 

ments  on  combustion,  117. 
Scoville  pop  safety  valve,  :i47-350. 
Scoville  iK)p  safety   valve,  advantages' 

claimed  for,  348-:i.'.0. 
Scoville  pop  safety    valve,  description 

of,  347. 
Scoville  pop  safety  valve,  operation  of, 

347, 348. 
Sectional  boiler.  Pond  &  Bradford,  105- 

108. 
Sellers'  "1876"  injector,  239-243. 
Shaft,  to  line  npUie,  372,  373. 
Shafting,  formulas  for  the  diametere 

and  distances  between    bearings  of 

line  shafting  of  wrought  iron,  4Q8, 

404. 
Shafting,  how  to  line,  402-404. 
Sick  els*  beam  motit>n,  54,  55. 
Sickels'  cut-off,  54. 
Sickels'  dash-pot,  58,  59. 
Silsby  boiler,  186,  187. 
Silsby  steam  fire-engine,  performoncM 

of,  190, 191. 
Silsby  steam    rotary    fire-engine,  187- 

191. 
Sipho,   a    machine   for   extinguishing 

fires  alluded  to  by  Roman  writers, 

176. 
Skinner  &  Wood,  portable  engine  of, 

149-155. 
Slides,  to  line  up  the,  371. 
Slide  valve,  action  of,  322-324. 
Slide  valve,  admission  of  steam  in,  318. 
Slide  valve,  how  to  set,  324-328. 
Slide  valve,  inipoitanceof,  316. 
Slide  valve  of  automatic  cut-off  engine, 

63. 
Slide  valve  of  Davidson's  steam  pump, 

196-201. 
Slide  valve   ordinarily  used   in   high 

pressure  engine",  316-321. 
Slide  valve   ordinarily  used   in   high 

pressure  engines,  operation  ot,  316- 

321. 
Slide  valve,  release  of  steam  from,  319. 
Slide  valve,  value  of  an  indicator  in  in- 
terpreting action  of,  322. 
Slide  valvex,  316-328. 
Specific  boat,  xxxix. 
Speed  of  engine  and  velocity  of  piston, 

409,  410. 
Speed  to  run  steam  pumps,  209. 
Speeds,  value  of  high  rotative,  85,  86. 
I  Spider,  the,  what  it  is,  383. 

Spring  for  indicator,  selecting,  405. 
j  Starting  fires,  384,  385. 
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Stationary  American  engines,  charac- 
teristics of,  62. 

Stationary  boilers,  standard  American, 
88-128. 

Stationary  engine,  early  American  type 
of,  43,  44. 

Stationary  engine,  the  growth  of,  in 
the  United  States,  43. 

Stationary  engines,  41-87. 

Steam  boilera,  explosions  of,  causes  of, 
127, 128. 

Steam  boiler,  requirements  of  a  perfect, 
112-114. 

Steam  chest  of  Davidson's  steam  pump, 
197. 

Steam  chest  of  IVheelock  engine,  68. 

Steam  engine,  philosophy  and  operation 
of,  xxvi.-xxxix. 

Steam  engines  and  boilers,  practical 
notes  on  the  management  of,  355-411. 

Steam,  expanding,  gain  by,  xxxiii., 
xxxiv. 

Steam  fire-engine,  Amoskeag,  179. 

Steam  fire-engine,  first  made,  in  the 
United  States,  178. 

Steam  fire-engines,  new  double  cylinder, 
180, 181. 

Steam  fire-engines,  first  invented  in 
England,  177. 

Steam  fire-engines,  general  use  of,  in  the 
United  States,  178. 

Steam  fire-engines,  rules  for  the  man- 
agement of,  191-195. 

Stoam  fire-engines,  standard  American, 
176-195. 

Stenm  gauges,  351-854,  393. 

Steam  gauges,  necesdty  for  two  on  a 
builer,  363,  364. 

Steam  generator.  Bates'  patent,  108-112. 

Steam,  history  of,  334-336. 

Steam,  internal  condensation  and  re- 
evaporation,  xxix. 

Steam  pipes,  covering,  123, 124. 

Steam  pressure,  396. 

Steam  pump,  Davidson's,  196-201. 

Steam  pump,  the  Dean,  212-214. 

Steam  pump,  Wright  patent  double  act- 
ing bucket  plunger,  210-212. 

Steam  pumps,  direct  acting,  196. 

Steam  pumps,  standard  American,  196- 
232. 

Steam  pumps,  useful  information  re- 
garding, 206,  207. 

Steam  valve  of  the  Knowles'  pump,  225. 

Steam  working  expansively,  xxxiii.- 
xxxvi. 

Stop  motion,  Wheelock  engine,  69. 

Strabo  on  the  history  of  the  bellows,  336. 

Straps,  gilts  and  keys,  374,  376. 

Stroke  of  Allen  engine,  51. 

Stroke,  short,  advantages  of,  51. 

Stufiing-boxes  and  glands,  384. 

Stuffing-box  glands,  399. 


Sun,  the  original  source  of  heat  onei^gy, 
xxvii.,  xxviii. 

Supports  of  engines,  50. 

Suiface  to  which  steam  is  exposed,  ad- 
vantage of  diminishing,  52. 

Sweeping  tubes,  378. 

Testing  boilers,  126, 127. 
Theoretic  curve  of  indicator,  301,  310. 
Thonipoon  system  of  valve  gear,  69. 
Thumping  of  engines,  370. 
Thurston's  estimate  of  water  required 

for  horse  power  per  hour,  114, 115. 
Tri-cylinder  engine,  Gardner's,  144-149. 
Tubes,  leaky,  363. 
Tubes,  sweeping,  378. 
Tubular  boilers,  hoiizontal,  90-95. 

Useful  Information,  208-210. 

Vacuum,  365. 

Yacuuni  line  of  indicator,  301, 309,  313. 
Value  of  high  rotative  speeds,  85,  86. 
Valve  and  valve  motion  of  Buckeye 

engine,  71-73. 
Valve,   arrnngement   of.    Dean    steam 

pump,  212,  213. 
Valve  gear.  Buckeye  or  Thompson  sys- 
tem, 69. 
Valve  gear,  Meyer  system,  49. 
Valve  gear  of  Allen  engine,  50,  51. 
Valve  gear,  Wheelock  engine,  67. 
Valve  gears,  53,  54. 
Valve,  invention  of  the,  337. 
Valve  motion  of  Wright  steam  engine, 

77,  78. 
Valve  of  Davidson  pump,  motion  of,  200. 
Valve  of  Davidson's  steam  pump,  190-201. 
Valve  of  Dayton  CJam  pump,  2IU,  220. 
Valve,  perfection  of  a  steam,  317. 
Valve  potts  of  Davidson's  steam  pump, 

200. 
Valve,  proper  lift  of  a,  361. 
I^alve,  semi-rotary,  of  automatic  cut-off 

engine,  63. 
Valve,  slide,  316-328. 
Valve,  spindle,  origin  of,  337. 
Valves,  cocks,  etc.,  giinding  in,  378,379. 
Valves,  cocks,  etc.,  opening  and  closing 

of,  397. 
Valves,  grinding  poppet,  404,  406. 
Valves,  history  of,  336. 
Valves,  India  rubber,  for  pumps,  85. 
Valves  of  automatic  cut-off  engine,  G3, 

64. 
Valves  of  Blake  steam  pump,  229*232. 
Valves  of  Corliss  engine,  57-60. 
Valves  of  Greene  engine,  60. 
Valves  of  Watertown  engine,  79-81. 
Valves  of  Wheelock  engine,  66,  67,  68. 
Velocity  of  piston  and  speed  of  engine, 

409.  410. 
Vertical  direct  acting  engine,  45-49. 


420 


INDEX. 


Water,  contentB  and  weight  of  a  cubic 

foot  of,  208. 
Water,  cubical  contents  and  weight  of  a 

gallon  <*f,  20S. 
Water  elevated  by  a  pump  per  minute 

for  100  feet  of  piston  travel,  209. 
Water,  friction  of,  in  pipes,  208. 
Water  line  glasses,  cleaning,  404,  405. 
Water  needed  per  hour  for  horse  power 

of  boilei  8,  209. 
Water  space,  division  of,  114. 
Water  surface,  necessity  for  a  large,  in  a 

boiler,  113. 
Water,  to  find  the  pressure  in  pounds 

per  square  inch  of  a  column  of.  208. 
Water-tube  boiler,  Babcock  &  Wilcox, 

95-ia5. 
Water,  weight  of,  84,  86. 
Waters  engine  governor,  270-272. 
Watertown   automatic   cut-off  engine, 

79-82. 
Watertown  dairy  engine,  166-1C9. 


Watertown    portable  Aiigine,    132-134, 

158-166. 
Watts,  Campbell  &  Co.,  Corliss  engine, 

57-60. 
Wattes  indicator,  284. 
Wattes   standard    for    horse  power   of 

boilers,  114. 
Wet  steam  in  boilers,  115. 
Wheelock  engine,  6&^9. 
Wiper,  the,  65. 

Wright  engine,  expansion  gear  of,  56. 
Wright  patent  double  acting   bucket 

plunger  steam  pump,  210-212. 
Wright  patent  steam  engine,  75-79. 
Woodbury,  Booth  &  Pryor's  automatie 

cut-ofT  engine,  62-66. 
Wt)odbury,  Booth  &  Pryor's  horizontal 

tubular  boiler,  90. 


Zuner's    experiments   on 
priming  in  boilers,  116. 
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and  Lackering,  Apparatus,  Materials  and  Processes  for  Grinding  and 
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Polishing,  etc.  By  Oliver  Byrne.  Illustrated  by  185  wood  en- 
gravings. -Svo. $S»oc 

BYRNE.— Pocket-Book  for  Railroad  and  Civil  Engineers: 
Containing  New,  Exact  and  Concise  Methods  for  Laying  out  Railroad 
Curves,  Switches,  Frog  Angles  and  Crossings ;  the  Staking  out  of 
work ;  Levelling ;  the  Calculation  of  Cuttings ;  Embankments ;  Ecuth* 
work,  etc.  By  Oliver  Byrne.  i8mo.,  foil  bound,  pocket-book 
form I1.75 

BYRNE.— The  Practical  Metal- Worker's  Assistant: 

Comprising  Metallurgic  Chemistry ;  the  Arts  of  Working  all  Metals 
and  Allays ;  Forging  of  Iron  and  Steel ;  Hardening  and  Tempering ; 
Melting  and  Mixing;  Casting  and  Founding ;  Works  in  Sheet  Metal; 
the  Processes  Dependent  on  the  Ductility  of  the  Metals;  Soldering; 
and  the-  most  Improved  Processes  and  Tools  employed  by  Metal- 
workers. With  the  Application  of  the  Art  of  Electro-Metallurgy  to 
'  Manufacturing.Processes ;  collected  from  Original  Sources,  and  from, 
the  works  of  Holtzapffel,  Bergeron,  Leupold,  Plumier,  Napier, 
Scoffem,  Clay,  Fairbairn  and  others.  By  Oliver  Byrne.  A  new, 
revised  and  improved  edition,  to  which  is  added  an  Appendix,  con« 
taining  The  Manufacture  of  Russian  Sheet- Iron.  By  John  Psrcy» 
M.  D.,  F.  R.  S.  The  Manufacture  of  Malleable  Iron  Castings,  and 
Improvements  in  Bessemer  Steel.  By  A.  A.  Fesquet,  Chemist  and 
Engineer.  With  over  Six  Hundred  Engravings,  Illustrating  every 
Branch  of  the  Subject.    Svo I7.00 

BYRNE.^The  Practical  Model  Calculator: 
For  the  Engineer,  Mechanic,  Manufacturer  of  Engine  Work,  Naval 
Architect,  Miner  and  Millwright.     By  Oliver  Byrne.    Svo.,  nearly 
6oop^es ;^.5^ 

GABINBT  MAKER'S  AJLBUM  OF  FURNkTURE: 

Comprising  a  Collection  of  Designs  for  various  Styles  of  Fttmitnre. 
Illustrated  by  Forty-eight  Large  and  Beautifully  Engraved  Plates. 
Oblong,  Svo.     .        . #3*50 

CALLINGHAM.— Sign  Writing  and  Glass  Embossing: 
A  Complete  Practical  Illustrated  Manual  of  the  Art.     By  James 
Callingham.     i2mo #1.50 

CAMPIN. — A  Practical  Treatise  on  Mechanical  Engineering: 
Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Work* 
shop  Machinery,  Mechanical  Manipulation,  Manufacture  of  Steam* 
Engines,  etc.     With  an  Appendix  on  the  Analysis  of  Iron  and  Iron 
Ores.  By  Francis  Campin,  C.  E.  To  which  are  added.  Observations 

-  oa  the  Construction  of  Steam  Boilers,  and  Remarks  upon  Furnaces 
used  for  Smoke  Prevention ;  with  a  Chapter  on  Explosions.  By  R. 
Armstrong,  C.  E.,  and  John  Bourne.  Rules  for  Calculating  the 
Change  Wheels  for  Screws  on  a  TurningJLathe,  and  for  a  Wheel- 
cutting  Machine. '  By  J.  La  Nicca.  Management  of  Steel,  Include 
ing  Forging,  Hardening,  Tempering,  Annealing,  Shrinking  and 
Expansi'in ;  and  the  Case-hardening  of  Iron.  By  G.  Ede.  Svo. 
Illustrated  with  twenty-nine  plates  and  100  wood  engravings      $S»09 
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CAREY. — A  Memoir  of  Heniy  C.  Caxey. 

By  Dr.  Wm.  Elder,    With  a  portrait.    8vo.,  cloth        •        •        75 

CAREY.— The  Works  of  Henry  C.  Carey : 
Harmony  of  Interests :  Agricultural,  Manu&cturing  and  Gonimer« 

cial.    8vo. #1.50 

Manual  of  Social  Science.  Condensed  from  Carey's  **  Principles 
of  Social  Science."  By  Kate  McKean.  i  vol.  12010.  .  $2*2$ 
Miscellaneous  Works.    With  a  Portrait,    a  vols.  8vo.  $6.06 

Past,  Present  and  Future.  8vo.  .  •  •  .  •  $2.50 
Principles  of  Social  Science.    3  volumes,  8vo.     .  $10.00 

The  Slave-Trade,  Domestic  and  Foreign;  Why  it  Exisu,  and 
How  it  may  be  Extinguished  (1853).  8vd.  .  .  .  $2,00 
The  Unity  of  Law :  As  Exhibited  in  the  Relations  of  Physical, 
Social,  Mental  and  Moral  Science  (1872^.     8vo.        .        .        $3»S^ 

CJLARK. — TramwayB,  their  Construction  and  Woridng : 

Embracing  a  Comprehensive  History  of  the  System.     With  an  ex' 

.  haustive  analysis  of  the  various  modes  of  traction,  including  horse* 
power,  steam,  heated  water  and  compressed  air;  a  description  of  the 
varieties  of  Rolling  stock,  and  ample  details  of  cost  and  working  ex- 
penses.  By  D.  Kinnear  Clark.  Illustrated  l^  over  200  wood 
engravings,  and  thirteen  folding  plates.     2  vols.     8vo.         .     1^12.50 

COLrBURN. — The  Locomotive  Engine : 
Including  a  Description  of  its  Structure,  Rules  for  Estimating  its 
Capabilities,  and  Practical  Observations  on  its  Construction  and  Man- 
agement.   By  Zerah  CoLbu&n.    Illustrated.     i2mo.  Jiijoo 

COLLENS.—The  Eden  of  Labor ;  or,  the  Christian  Utopia. 
By  T.  Wharton  Collens,  author  of  «*  Humanics,"   "  The  History 
of  Charity,"  etc,    i2mo.     Paper  cover,  |5i. 00;  Cloth         .        Iil.25 

COOLEY.— A  Complete  Practical  Treatise  on  Perfomery: 
Being  a  Hand-book  of  Perfumes,  Cosmetics  and  other  Toilet  Articles. 
With  a  Comprehensive    Collection  of  Formulae.    By  Arnold  J^ 

COOLEY.     I2mO .  $1.59 

COOPER.— A  Treatise  on  the  use  of  BcSlting'fbff  the  Trans, 
mission  of  Power. 
With  numerous  illustrations  of  approved  and  actual  methods  of  ar- 
ranging Main  Driving  and  Quarter  Twist  Belts,  and  of  Belt  Fasten^i^ 
ings.  Examples  and  Rules  in  great  number  for  exhibiting  and  cal- 
culating the  size  and  driving  power  of  Belts.  Plain,  Particular  and 
Practical  Directions  for  the  Treatment,  Care  and  Management  of 

'  Belts.  Descriptions  of  many  varieties  of  Beltings,  together  with 
chapters  on  the  Transmission  of  Power  by  Ropes;  by  Iron  and 
Wood  Frictional  (jearing ;  on  the  Strength  of  Belting  Leather ;  and 

.  on  the  Experimental  Investigations  of  Morin,  Briggs,  and  others.  By 
John  H.  Cooper,  M.  E.  8vo ^3*50 

CRAIK.^/The  Practical  American  Millwright  and  Miller. 
By  David  Craik,  Millwright.    Illustrated  by  numerous  wood  en- 

.  gravings  and  two  folding  plates.    8vo.       •        •        •       •        J^S-OO 
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CREW. — A  Practical  Treatise  on  Petroleum : 

Comprising  its  Origin,  Geology,  Geographical  Distribution,  History, 
Chemistry,  Mining,  Technology,  Uses  and  Transportation.  Together 
with  a  Description  of  Gas  Wells,  the  Application  of  Gas  as  Fuel,  etc. 
By  Benjamin  J.  Crew.  With  an  Appendix  on  the  Product  and 
Exhaustion  of  the  Oil  Regions,  and  the  Geology  of  Natural  Gas  in 
Pennsylvania  and  New  York.  By  Charles  A.  Ashburnek,  M.  S., 
Geologist  in  Chiurge  Pennsylvaoia  Survey,  Philadelphia.  Illustrated 
,    by  70  engravings.  ,  8vo.     508  pages         ....        i^5.00 

CROOKES.— Select  Methods  in  Chemical  Analysis  (Chiefly 
Inorganic) : 
By  William  Crookes,  F.  R.  S.,  V.  P.  C.  S.    2d  edition,  re- written 
and  greatly  enlarged.   Illustrated  by  37  wood-cuts.  725  pp.  8vo.  ;(i8.oo 

CRISTIANI^— A  Technical  Treatise  on  Soap  and  Candles : 
With  a  Glance  at  the  Industry  of  Fats  and  Oils.     By  R.  S.  Cris- 
TlANi,  Chemist.     Author  of  "  Perfumery  and  Kindred  Arts."     Illus- 
trated by  176  engravings.     581  pages,  8vo.        .         .         •        $7-S0 

CRISTIANL— Perfumery  and  Kindred  Arts: 
A  Comprehensive  Treatise  on  Perfumery,  containing  a  History  of 
Perfumes  from  the  remotest  ages  to  the  present  time.  A  complete 
detailed  description  of  the  various  Materials  and  Apparatus  used  in 
the  Perfumer's  Art,  with  thorough  Practical  Instruction  and  careful 
Formulae,  and  advice  for  the  fabrication  of  all  known  preparations  of 
the  day,  including  Essences,  Tinctures,  Extracts,  Spirits,  Waters, 
Vinegars,  Pomades,  Powders,  Paints,  Oils,  Emulsions,  Cosmetics, 
Infusions,  Pastilles,  Tooth  Powders  and  Washes,  Cachous,  Hair  Dyes, 
Sachets,  Essential  Oils,  Flavoring  Extracts,  etc. ;  and  full  details  for 
making  and  manipulating  Fancy  Toilet  Soaps,  Shaving  Creams,  etc., 
by  new  and  improved  methods.  With  an  Appendix  giving  hints  and 
advice  for  making  and  fermenting  Domestic  Wines,  Cordials,  Liquors, 
Candies,  Jellies,  Syrups,  Colors,  etc.,  and  for  Perfuming  and  Flavor- 
ing Segars,  Snuff  and  Tobacco,  and  Miscellaneous  Receipts  for 
various  useful  Analogous  Articles.  By  R.  S.  Cristiani,  Con- 
sulting Chemist  and  Perfumer,  Philadelphia.    8yo.    •        •        l5«oo 

0AVIDSON.->A  Practical  Manual  of  House  Paintiflg,  Grain- 
ing, Marbling,  and  Sign- Writing: 
Containing  full  information  on  the  pirocesses  of  Honae  Painting  in 
Oil  and  Distemper,  the  Formation  of  Letters  and  Practice  of  Sign* 
Writing,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House  Painters,  Writers,  etc.,  and  a  Collection  of  Useful 
Receipts.  With  nine  colored  illustrations  of  Woods  and  Marbles, 
and  nitmerous  wood  engravings,    fiy  Elus  A.  Davidson.    i2mo. 

DAVIES.— A  Treatise  on  Earthy  and  Other  Minerals  and 
Mining : 
By  D.  C.  Da  VIES,  F.  G.  S.,  Mining  Engineer,  etc.    Illustrated  by 
76  Engravings.     i2mo.     .......        I5. 00 
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DAVIBS.— A  Treatise  on  Metalliferous  Minerals  and  Mining: 
By  D.  C.  Davies,  F.  G.  S.,  Mining  Engineer,  Examiner  of  Mines, 
Quarries  and  Collieries.    Illustrated  by  148  engravings  of  Geological 
Formations,   Mining  Operations  and  Machinery,   drawn   from   the 
practice  of  all  parts  of  the  world.    2d  Edition,  i2mo.,  450  pages  |»5.oa 

l#AVIES. — A  Treatise  on  Slate  and  Slate  Quarr3dng: 
Scientific,  Practical  and  Commercial.     By  D.  C.  Davies,  F.  G.  S., 
Mining  Engineer,  etc.  •  With   numerous   illustralions  and  folding 
plates.     latto. |2.o3 

DAVIS. — A  Treatise  on  Steam-Boiler  Incrustation  and  Meth- 
ods for  Preventing  Corrosion  and  the  Formation  of  Scale  .* 
By  Charles  T.  Davis.    Illustrated  by  65  engravings.    8vo.    J2.o* 

P AVIS. — The  Manufacture  of  Paper : 

Being  a  Description  of  the  various  Processes  for  the  Fabrication, 
Coloring  and  Finishing  of  every  kind  of  Paper,  Including  the  Dif- 
ferent Raw  Materials  and  the  Methods  for  Determining  their  Values, 
the  Tools,  Machines  and  Practical  Details  connected  with  an  intelli- 
gent and  a  profitable  prosecution  of  the  art,  with  special  reference  to 
the  best  American  Practice.  To  which  are  added  a  History  of  Pa- 
per, complete  Lists  of  Paper-Making  Materials,  List  of  American 
Machines,  Tools  and  Processes  used  in  treating  the  Raw  Materials, 
and  in  Making,  Coloring  and  Finishing  Paper.  By  Charles  T. 
Davis.    Illustrated  by  156  engravings.    608  pages,  8vo.  |i6.oo 

DAVIS. — The  Manufacture  of  Leather: 
Being  a  description  of  all  of  the  Processes  for  the  Tanning,  TaVing, 
Currying,  Finishing  and  Dyeing  of  every  kind  of  Leather ;  including 
the  various  Raw  Materials  and  the  Methods  for  Determining  their 
Values;  the  Tools,  Machines,  and  all  Details  of  Importance  con- 
nected with  an  Intelligent  ftnd  Profitable  Prosecution  of  the  Art,  with 
Special  Reference  to  the  Best  American  Practice.  To  which  are 
added  Complete  Lists  of  all  American  Patents  for  Materials,  Pro- 
cesses, Tools,  and  Machines  for  Tanning,  Currying,  etc.  By  Charles 
Thomas  Davis.  Illustrated  by  302  engravings  and  12  Samples  of 
Dyed  Leathers.    One  vol.,  8vo.,  824  pfiges       .        •        .      1 10.00 

DAWIDOWSKY—BRANNT.-— A  Practical  Treatise  on  the 

Raw  Materials  and  Fabrication  of  Qlue,  Gelatine,  Qelatine 

Veneers  and  FoUs,  Isinglass,  Cements,  Pastes,  Mucilages, 

etc.: 

Based  upon  Actual  Experience.     By  F.  Dawidowsky,  Technical 

Chemist.     Translated  from  the  German,  with  extensive  additions, 

including  a  description  of  the  most  Recent  American  Processes,  by 

William  T.  Brannt,  Graduate  of  the  Royal  Agricultural  College 

of  Eldena,  Prussia.     35  Engravings.     i2mo.    .         .         .        1^2.50 

D£  QRAFF.— The  Geometrical  Stair-Builders*  Guide : 

Being  a  Plain  Practical  System  of  Hand-Railing,  embracing  all  its 
necessary  Details,  and  Geometrically  Illustrated  by  twenty-two  Steel 
Engravings ;  together  with  the  use  of  the  most  approved  principles 
of  Practical  Geometry.     By  Simon  De  Graff,  Architect.     4te. 

$2.39 
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DE  KONINCK— DIETZ.— A  Practical  Manual  of  Chemical 
Analysis  and  Assaying : 
As  applied  to  the  Manufacture  of  Iron  from  its  Ores,  and  to  Cast  Iron, 
Wrought  Iron,  and  Steel,  as  found  in  Commerce.  By  L.  L.  Dr 
KoNiNCK,  Dr.  Sc,  and  E.  DiETZ,  Engineer.  Edited  with  Notes,  by 
Robert  Mallet,  F.  R.  S.,  F.  S.  G.,  M.  I.  C.  E.,  etc.  American 
Edition,  Edited  with  Notes  and  an  Appendix  on  Iron  Ores,  by  A.  A. 
Fesquet,  Chemist  and  Engineer.     i2mo.  .        .        .        ^2.50 

DUNCAN.— Practical  Surveyor's  Guide:  \ 

Containing  the  necessary  information  to  make  any  person  of  com^ 
mon  capacity,  a  finished  land  surveyor  without  the  aid  of  a  teacher. 
By  Andrew  Duncan.    Illustrated.     i2mo.      .        .        .        $1.25 

DUPLAIS. — A  Treatise  on  the  Manufacture  and  Distillation 
of  Alcoholic  Liquors : 
Comprising  Accurate  and  Complete  Details  in  Regard  to  Alcohol 
from  Wine,  Molasses,  Beets,  Grain,  Rice,  Potatoes,  Solium,  Aspho- 
del, Fruits,  etc. ;  with  the  Distillation  and  Rectification  of  Brand); 
.Whiskey,  Rum,  Gin,  Swiss  Absinthe,  etc.,  the  Preparation  of  Aro- 
matic Waters,  Volatile  Oils  or  Essences,  Sugars,  Syrups,  Aromatic 
Tinctures,  Liqueurs,  Cordial  Wines,  Effervescing  Wines,  etc.,  tlM 
Ageing  of  Brandy  and  the  improvement  of  Spirits,  with  CopioM 
Directions  and  Tables  for  Testing  and  Reducing  Spirituous  Liqttor^ 
etc.,  etc.  Translated  and  Edited  from  the  French  of  MM.  Duplais, 
Aini  et  Jeune.  By  M.  McKennie,  M.  D.  To  which  are  added  the 
United  States  Internal  Revenue  Regulations  for  the  Assessment  and 
Collection  of  Taxes  on  Distilled  Spirits.  Illustrated  by  fourteen 
folding  plates  and  several  wood  engravings.    743  pp.  8vo.       |^io  00 

DUSSAGCE.— Practical  Treatise  on  the  Fabrication  of  Matchet, 
Qun  Cotton,  and  Fulminating  Powder. 
By  Professor  H.  Dussauce.     i2mo.         .        .        .        .        $Z  00 
DYER  AND  COLOR-MAKER'S  COMPANION: 

Containing  upwards  of  two  hundred  Receipts  for  making  Colors,  on 
the  most  approved  principles,  for  all  the  various  styles  and  fabrics  now 
in  existence;  with  the  Scouring  Process,  and  plain  Directions  for 
Preparing,  Washing-ofF,  and  Finishing  the  Goods.     i2mo.        ^i  25 

BDWARD8. — A  Catechism  of  the  Marine  Steam-Eng^e, 
For  the  use  of  Engineers,  Firemen,  and  Mechanics.  A  Practical 
Work  for  Practical  Men.  By  Emory  Edwards,  Mechanical  Engi- 
neer. Illustrated  -by  sixty-three  Engravings,  including  examples  of 
the  most  modem  Engines.  Third  edition,  thoroughly  revised,  with 
much  additional  matter.     12  mo.  414  pages  .        .        ;|2  00 

EDWARDS. — Modem  American  Locomotive  Engines, 

Their  Design,  Construction  and  Management.  By  Emo&y  Edwards, 
Illustrated  i2mo |s.oo 

EDWARDS.;— The  American  Steam  Engineer : 

Theoretical  and  Practical,  with  examples  of  the  latest  and  most  ap- 
proved American  practice  in  the  design  and  construction  of  Steam 
Engines  and  BolterB.  For  the  use  of  engineers,  machinists,  boiler- 
makers,  and  engineering  students.  By  Emory  Edwards.  Fully 
illustrated,  over  400  pages.     i2mo.  .        •        .        .        #2.50 
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RDWARDS. — Modem  American  Marine  Engines^  BoUerB^  aii4 

Screw  Propellers, 

Their  Design  and  Construction.    Showing  the  Present  Practice  of 

the  most  Eminent  Engineers  and  Marine  Engine  Builders  in  the 

United  States.   Illustrated  by  30  large  and  elaborate  plates.  4to.  $S.oa 

EDWARDS.— The  Practical  Steam  Engineer's  Guide 

^  In  the  Design,  Construction,  and  Management  of  American  Stationary, 

Portable,  and  Steam  Fire- Engines,  Steam  Pumps,  Boilers,  Injectors, 

Governors,  Indicators,  Pistons  and  Rings,  Safety  Valves  and  Steam 

Gauges.     For  the  use  of  Engineers,  Firemen,  and  Steam  Users.    By 

Emory  Edwards.     Illustrated  by   119  engravings.    420   pages. 
1 2U10.      .        .        .        .        .       ' .        .        .        .        .        i^2  50 

EISSLER.— The  Metallurgy  of  Gold : 
A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold- Bear- 
ing Ores,  including  the  Processes  of  Concentration  and  Chlorination, 
and  the  Assaying,  Melting,  and  Refining  of  Gold.     By  M.  Eissler. 
With  90  Illustrations.     188  pp.     i2mo $3  00 

ELDER.— Conversations  on  the  Principal  Subjects  of  Political 
Economy. 

By  Dr.  William  Elder.  8vo 1^2  50 

ELDER.— Questions  of  the  Day, 

Economic  and  Social.    By  Dr.  William  Elder.  8vo.    •        $3  00 

ELDER.— Memoir  of  Henry  C.  Carey. 
By  Dr.  William  Elder.  8vo.  cloth 75 

BRNI.^Mineralogy  Simplified. 
Easy  Methods  of  Determining  and  Classifying  Minerals,  including 
Ores,  by  means  of  the  Blowpipe,  and  by  Humid  Chemical  Analysis, 
based  on  Professor  von  Kobell's  Tables  for  the  Determination  c^ 
Minerals,  with  an  Introduction  to  Modem  Chemistry.  By  Henry 
Erni,  A.m.,  M.D.,  Professor  of  Chemistry.  Second  Edition,  rewritten, 
enlarged  and  improved.  i2mo.  •        •        .        .        •        ^300 

FAIRBAIRN.— The  Pnnciples  of  Mechanism  and  Machinery 
of  Transmission  * 
Comprising  the  Prmciples  of  Mechanism,  Wheels,  and  Pulleys, 
Strength  and  Proportionsof  Shafts,  Coupling  of  Shafts,  and  Engag* 
ing  and  Disengaging  Gear.  By  SiR  WiLUAM  Fairbairn,.  Bart. 
C.  E.  Beautifully  Illustrated  by  over  150  wood-cuts.  In  one 
volume,  i^mo $2.$Q 

FLEMING. — Narrow  Gauge  Railways  in  America. 

A  Sketch  of  their  Rise,  Progress,  and  Success.  Valuable  Statistics 
as  to  Grades,  Curves,  Weight  of  Rail,  Locomotives,  Can,  etc.  By 
Howard  Fleming.    Illustrated,  8vo |i  00 

FORSYTH.— Book  of  Designs  f6r  Headstones,  Mural,  and 

other  Monuments : 

Containing  78  Designs.  By  James  Forsyth.  With  an  Introduction 
by  Charles  Boutell,  M.  A.    4  to.,  cloth      .       .       -       l5  00 
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FRANKEL— HUTTER.— A  Practical  Treatise  on  the  Manu- 
facture of  Starch,  Glucose,  Storch-Sugar,  and  Dextrine : 
Based  on  the  German  of  Ladislaus  Von  Wagner,  Professor  in  the 
Royal  Technical  High  School,  Buda-Pest,  Hungary,  and  oiho? 
authorities.  By  Julius  Frankel,  Graduate  of  the  Polytechnic 
School  of  Hanover.  Edited  by  Robert  Hutter,  Chemist,  PraclicfJ 
'  Manufacturer  of  Starch-Sugar.  Illustrated  by  58  engravings,  cover* 
ing  every  branch  of  the  subject,  including  examples  of  the  most 
Recent  and  Best  American  Machinery.    8vo.,  344  pp.      •        1^3*50 

GEE. — The  Goldsmith's  Handbook : 

Containing  full  instructions  for  the  Allo3ring  and  Working  of  Gold, 
including  the  Art  of  Alloying,  Melting,  Reducing,  Coloring,  Col- 
lecting, and  Refining ;  the  Processes  of  Manipulation,  Recovery  of 
Waste;  Chemical  and  Physical  Properties  of  Gold;  with  a  New 
System  of  Mixing  its  Alloys ;  Solders,  Enamels,  and  other  Useful 
Rules  and  Recipes.     By  George  £.  Gee.     i2mo.    .        .        $i-7S 

GEE. — The  Silversmith's  Handbook : 
Containing  full  instructions  for  the  Alloying  and  Working  of  Silver^ 
inclading  the  different  modes  of  Refining  and  Melting  the  Metal ;  its 
Solders ;  the  Preparation  of  Imitation  Alloys ;  Methods  of  Manipula* 
tion ;  Prevention  of  Waste ;  Instructions  for  Improving  and  Finishing 
the  Surface  of  the  Work ;  together  with  other  Useful  Information  and 
Memoranda.     By  George  E.  Gee,  Jeweller.     Illustrated.     i2mo. 

GOTHIC  ALBUM  FOR  CABINET-MAKERS : 

Designs  for  Gothic  Furniture.    Twenty-three  plates.    Oblong     |2.oo 

GREENWOOD.— Steel  and  Iron: 

Comprising  the  Practice  and  Theory  of  the  Several  Methods  Pur- 
sued in  their  Manufacture,  and  of  their  Treatment  in  the  Rolling- 
Mills,  the  Forge,  and  the  Foundry.  By  William  Henry  Green- 
wood, F.  C.  S.  Asso.  M.  I.  C.  E.,  M.  I.  M.  E.,  Associate  of  the  Royal 
School  of  Mines.    With  97  Diagrams,  536  pages.    i2mo.  .        ^2.00 

GREGORY. — Mathematics  for  Practical  Men : 

Adapted  to  the  Pursuits  of  Surveyors,  Architects,  Mechanics,  and 
Civil  Engineers.    By  Olinthus  Gregory.    8vo.,  plates  .        ^3.00 

GRIER. — Rural  Hydraulics : 
A  Practical  Treatise  on 'Rural  Hotisehold  Water  Supply.     Giving  a 
full  description  of  Springs  and  Wells,  of  Pumps  and  Hydraulic  Ram, 
with  Instructions  in  Cistern  Building,  Laying  of  Pipes,  etc.     By  W. 
W.  Grier.     Illustrated  8vo 75 

ORIMSH AW.— Modem  MiUing: 

Being  the  substance  of  two  addresses  delivered  by  request,  at  the 
Franklin  Institute,  Philadelphia,  January  19th  and  January  27th, 
1881.  By  Robert  Grimshaw,  Ph.  D.  Edited  from  the  Phono- 
graphic Reports.    With  28  Illustrations.     8vo. 

URIMSHAW.— Saws : 
The  History,  Development,  Action,  Classification,  and  Comparisofl 
'^  S9«vi  of  all  kinds.     «^*a  Cottious  Appendires,     Giving  the  details 
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of  Manufacture,  Filing,  Setting,  Gumming,  etc.  Care  and  Use  of 
Saws;  Tables  of  Gauges;  Capacities  of  Saw-Mills;  List  of  Saw« 
Patents,  and  other  valuable  information.  By  Robert  Grimshaw. 
'  Second  and  greatly  enlarged  edition,  wifA  Supplement^  and  354  Illus- 
trations.   Quarto %^^^^ 

ORIMSHAW^ — ^A  Supplement  to  Ghrimshaw  on  Saws: 
Containing  additions^  practical  matter,  more  especially  relating  to  the 
Forms  of  Saw-Teeth,  for  special  material  and  conditions,  and  to  the 
Behavior  of  Saws  under  particular  conditions.   120  Illustrations.   By 
Robert  Grimshaw.    Quarto 

GRISWOLD. — Railroad  Engineer's  Pocket  Companion  for  the 
Field : 
Comprising  Rules  for  Calculating  Deflection  Distances  and  Angles, 
Tangential  Distances  and  Angles,  and  all  Necessary  Tables  for  En- 
gineers; also  the  Art  of  Levelling  from  Preliminary  Survey  to  the 
Construction  of  Railroads,  intended  Expressly  for  the  Young  En- 

■  gineer,  together  with  Numerous  Valuable  Rules  and  Examples.     By 
W.  Griswold.     i2mo.,  tucks ^i>75 

GRUNBR. — Studies  of  Blast  Furnace  Phenomena: 

By  M.  L.  Gruner,  President  of  the  General  Council  of  Mines  of 
France,  and  lately  Professor  of  Metallurgy  at  the  Ecole  des  Mines. 
Translated,  with  the  author's  sanction,  with  an  Appendix,  by  L.  D. 
B.  Gordon,  F.  R.  S.  E.,  F.  G.  S.    8vo.  .        .        .        12.5a 

Hand-Book  of  Useful  Tables  for  the  Lumberman,  Parmer  and 
Mechanic : 

Containing  Accurate  Tables  of  Logs  Reduced  to  Inch  Board  Meas% 
ure.  Plank,  Scantling  and  Timber  Measure ;  Wages  and  Rent,  by 
Week  or  Month ;  Capacity  of  Granaries,  Bins  and  Cisterns ;  Land 
Measure,  Interest  Tables,  with  Directions  for  Finding  the  Interest  on 
any  sum  at  4,  5,  6,  7  and  8  per  cent.,  and  many  other  Useful  Tables. 
32  mo.,  boards.     186  pages .25 

HASERICK.— f  he  Secrets  of  the  Art  of  Dyeing  Wool,  Cotton, 
and  Linen, 

Including  Bleaching  and  Coloring  Wool  and  Cotton  Hosiery  and 
Random  Yarns.  A  Treatise  based  on  Economy  and  Practice.  By 
E.  C.  Haserick.  Illustrated  by  323  Dyed  PtUtems  of  the  Yarns 
or  Fabrics.    8vo %lz.^o 

;HATd  AND  PELTING: 

A  Practical  Treatise  on  their  Manufacture.  By  a  Practical  Hatter. 
Illustrated  by  Drawings  of  Machinery,  etc.    8vo.       .        .        $1.25 

HOFFER. — A   Practical  Treatise  on  Caoutchouc  and  Gutta 

Percha, 

Comprising  the  Properties  of  the  Raw  Materials,  and  the  manner  of 

Mixing  and  Working  them ;  with  the  Fabrication  of  Vulcanized  and 

Hard  Rubbers,  Caoutchouc  uid  Gutta  Peicha  Compositions,  Water* 
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proof  Substances^  Elastic  Tissues,  the  Utilization  of  Waste,  etc.,  etc. 
From  the  German  of  Raimund  Hoffer,  By  W.  T.  Erannt. 
Illustrated  i2mo #2.50 

HOPMANN.— A  Practical  Treatise  on  the  Maaufacture  of 
Paper  in  all  its  Branches : 
By  Carl  Hofmann,  l^te  Superintendent  of  Paper-MiUs  in  Germany 
and  the  United  States ;  recently  Manager  of  the  "  Public  Ledger " 
paper -Mills,  near  Elkton,  Maryland.  Illustrated  by  no  wood  en- 
gravings, and  five  large  Folding  Plates.  4to.,  cloth;  about  400 
pages ^35fOO 

HUGHES.— American  Miller  and  Millwright's  Assistant: 
By  William  Carter  Hughes.    i2mo I1.50 

HULME. — Worked  Examination  Questions  in  Plane  Geomet- 
rical Drawing : 
For  the  Use  of  Candidates  for  the  Royal  Military  Academy,  Wool- 
wich ;  the  Royal  Military  College,  Sandhurst ;  the  Indian  Civil  En^ 
gineering  College,  Cooper's  Hill ;  Indian  Public  Works  and  Tele- 
graph Departments ;  Rc^al  Marine  Li^ht  Infantry ;  the  Oxford  and 
Cambridge  Local  Examinations,  etc.  By  F.  Edward  Hulme,  F.  I^ 
S.,  F.  S.  A.,  Art-Master  Marlborough  College.  Illustrated  by  300 
examples.     Small  quarto ,       $2,SO 

JERVIS.— Railroad  Property: 

A  Treatise  on  the  Construction  and  Managemeiit  of  Railways; 
designed  to  afford  useful  knowledge,  in  the  popular  style,  to  the 
holders  of  this  class  of  property ;  as  well  as  Railway  Managers,  Offi- 
cers, and  Agents.  By  John  B.  Jervis,  late  Civil  Engineer  of  the 
Hudson  River  Railroad,  Croton  Aqueduct,  etc.    i2mo.,  cloth      $2.00 

KEEN E.— A  Hand-Book  of  Practical  Qaugifig: 

For  the  Use  of  Beginners,  to  which  is  added  ^  Chapter  on  Distilla* 
tion,  describing  the  process  in  operation  at  the  Custom-House  for 
ascertaining  the  Strength  of  Wines.  By  James  B.  Keene,  of  H.  M. 
Customs.    8vo.  .        .        , $1-25 

KEI^LEY.— -Speeches,  Addresses,  aQd  Letters  on  Industrial  and 
Financial  Questions : 
By  Hon.  William  D.  Kelley,  M.  C.    544  pages,  8vo.  .        $3-0° 

KELLOGG.— A  New  Monetary  System  : 
The  only  means  of  Securing  the  respective  Rights  of  Labor  and 
Property,  and  of  Protecting  the  Public  from  Financial  Revulsions. 
By  Edward  Kellogg.  Revised  from  his  work  on  "Labor  and 
other  Capital."  With  numerous  additions  from  his  mnnuscript 
Edited  by  Mary  Kellogg  Tijtsam.  Fifth  edition.  To  which  ia 
added  a  Biographical  Sketch  of  the  Author.  One  volume,  i2mo. 
Paper  cover $1.00 

.    Bound  in  cloth I.50 

KEMLO.— Watch-Repairer*s  Hand-Book : 
Being  a  Complete  Guide  to  the  Young  Beginner,  in  Taking  Apart, 
Putting  Together,  and  Thoroughly  Cleaning  the  English  Lever  and 
other  Foreign  Watches,  and  all  American  Watches.     By  F.  Kemlo, 
%actical  Watchmaker.     With  Illustrations.     i2mo.  .        11.25 
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KENTISH.— A  Treatise  on  a  Box  of  InstrumentSf 
And  the  Slide  Rule ;  with  the  Theory  of  Trigonometry  and  Log» 
rithms,  including  Ptactical  Geometry,  Survejring,  Measuring  of  Tim* 
ber.  Cask  aad  Malt  Gau^ng,  Heights,  and  Distances.     By  Thomas 
Kentish.     In  one  volume.     i2mo.  .        •        .        .        $1.2^ 

KERL.— The  Assayer's  MaBual: 
An  Abridged  Treatise  on  the  Dodmastic  Examination  of  Ores,  and 
Furnace  and  other  Artificial  Products.  By  Bruno  Kerl,  Professoi 
in  the  Royal  School  of  Minfes ;  Member  of  the  Royal  •  Technical 
Commission  lor  the  Industries,  and  of  the  Imperial  Patent-Office^ 
Berlin.  Translated  from  the  German  by  William  T.  Brannt, 
Graduate  of  the  Royal  Agricultural  Collie  of  Eldena,  Prussia. 
Edited  by  William  H.  Wahl,  Ph.  D.,  Secretary  of  the  Franklin 
Institute,  Philadelphia.     Illustrated  by  sixty-five  engravings.    8vo. 

^3.00 

KICK. — Flour  Manufacture . 
A  Treatise  on  Milling  Science  and  Practice.  By  Frederick  Kick, 
Imperial  Regierungsrath,  Professor  of  Mechanical  Technology  in  the 
Imperial  German  Polytechnic  Institute,  Prague.  Translated  from 
the  second  enlarged  and  revised  edition  with  supplement  by  H.  H. 
P.  PowLES,  AssocMemb.  Institution  of  Civil  Engineers.  Illustrated 
with  aS  Plates,  and  167  Wood-cuts.    367  pages.    8vo.     .     ^io.OGi 

KINQZETT.— The  History,  Products,  and  Processes  of  the 
Alkali  Trade : 
Including  the  most  Recent  Improvements.    By  Charles  Thomas 
KiNGZETT,  Consulting  Chemist.    With  23  illustrations.   8vo.      I2.50 

KINSLEY. — Self-Instructor  on  Lumber  Surveying: 
For  the  Use  of  Lumber  Manufacturers,  Surveyors,  and  TeacherSi 
By  Charles  Kinsley,  Practical  Surveyor  and  Teacher  of  Surveying. 
i2roo ^2.0Q 

KIRK. — ^The  Founding  of  Metals : 

A  Practical  Treatise  on  the  Melting  of  Iron,  with  a  Description  of  th« 
Founding  of  Alloys;  also,  of  all  the  Metals  and  Mineral  Substance* 
used  in  the  Art  of  Founding.  Collected  from  original  sources.  By 
Edward  Kirk,  Practical  Foundryman  and  Chemist.  Illustrated, 
Third  edition.    8vo. #2.50 

LANDRIN.— A  Treatise  on  Steel : 
Comprising  its  Theory,  Metallui^,  Properties,  Practical  Working, 
and  Use.  By  M.  H.  C.  Landrin,  Jr.,  Civil  Engineer.  Translated 
from  the  French,  with  Notes,  by  A.  A.  Fesquet,  Chemist  and  En- 
gineer. With  an  Appendix  on  the  Bessemer  and  the  Martin  Pro* 
«*«ises  for  Manufacturing  Steel,  from  the  Report  of  Abram  S.  Hewitt 
United  States  Commissioner  to  the  Universal  Exposition,  Paris,  1867. 
I2mo.        ,     *   .  fa-oo 

LARD  EN.— A  School  Course  on  Heat : 
By  W.  Larden,  M.  A.    321  pp.  i2mo |2.oo 

IfARDNER.— The  Steam-Engine : 
For  the  Use  of  Beginners.    By  Dr.  Lardner.   Illustrated.    I2mo. 

7$ 
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SARKIN.— The  Practical  Brass  and  Iron  Founder's  Guide: 
A  Concise  Treatise  on  Brass  Founding,  Moulding,  the  Metals  and 
their  Alloys,  etc. ;  to  which  are  added  Recent  Improvements  in  th« 
Manufacture  of  Iron,  Steel  by  the  Bessemer  Process,  etc.,  etc.  By 
James  Larkin,  laie  Conductor  of  the  Brass  Foundry  Department  in 
Reany,  Neafie  &  Co.'s  Penn  Works,  Philadelphia.  Fifth  edition, 
revised,  with  extensive  additions.     i2mo.  .        .        .        |i2.25 

f#SROUX.— A  Practical  Treatise  on  the  Manufacture  of 
Worsteds  and  Carded  Yams : 
Comprising  Practical  Mechanics,  with  Rules  and  Calculations  applied 
to  Spinning ;  Sorting,  Cleaning,  and  Scouring  Wools ;  the  English 
and  French  Methods  of  Combing,  Drawing,  and  Spinning  Worsteds, 
and  Manufacturing  Carded  Yarns.  Translated  from  the  French  of 
Charles  Leroux,  Mechanical  Engineer  and  Superintendent  of  a 
Spinning-Mill,  by  Horatio  Paine,  M.  D.,  and  A.  A.  Fesquet, 
Chemist  and  Engineer.  Illustrated  by  twelve  large  Plates.  To  which 
is  added  an  Appendix,  containing  Extracts  from  the  Reports  of  the 
International  Jury,  and  of  the  Artisans  selected  by  the  Committee 
appointed  by  the  Council  of  the  Society  of  Arts,  London,  on  Woolen 
and  Worsted  Machinery  and  Fabrics,  as  exhibited  in  the  Paris  Uni- 
versal Exposition,  1867.    8vo. ^5*oo 

LEFFEL.— The  Constructicn  of  Mill-Dams  s 
Comprising  also  the  Building  of  Race  and  Reservoir  Embankments 
and  Head-Gates,  the  Measurement  of  Streams,  Gauging  of  Water 
Supply,  etc.    By  James  Leffel  &  Co.    Illustrated  by  58  engravings. 

8vo ;f;2.5o 

LESLIE. — Complete  Cookery: 
Directions  for  Cookery  in  its  Various  Branches.    By  Miss  Leslie. 
Sixtieth  thoasand.    Thoroughly  revised,  with  the  addition  of  New 
Receipts.     In  i2mo.,  cloth         •••..•        |tl>50 

LIEBER.^Assayer's  Guide  : 
Or,  Practical  Directions  to  Assayers,  Miners,  and  Smelters,  for  the 
Tests  and  Assays,  by  Heat  and  by  Wet  Processes,  for  the  Ores  of  all 
the  principal  Metals,  of  Gold  and  Silver  Coins  and  Alloys,  and  of 
Coal,  etc.    By  Oscar  M.  Lieber.     i2mo.       •        .        .        $i'2S 

Lockwood's  Dictionary  of  Terms : 
Used  in  the  Practice  of  Mechanical  Engineering,  embracing  those 
Current  in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turn- 
ing, Smith's  and  Boiler  Shops,  etc.,  etc.,  comprising  upwards  of  Six 
Thousand  Definitions.  Edited  by  a  Foreman  Pattern  Maker,  author 
of  "  Pattern  Making."    417  pp.     i2mo.  .        .        .        I3.00 

t.-OVB.— The  Art  of  Dyeing,  Cleaning,  Scouring,  and  Pfasish* 
ing,  on  the  Most  Approved  English  and  French  Methods : 
Being  Practical  Instructions  in  Dyeing  Silks,  Woolens,  and  Cottons, 
Feathers,  Chips,  Straw,  etc.  Scouring  and  Cleaning  Bed  and  Win« 
dow  Curtains,  Carpets,  Rugs,  etc.  French  and  English  Cleaning, 
any  Color  or  Fabric  of  Silk,  Satin,  or  Damask.*  By  Thomas  Love, 
a  Working;  D^er  and  Scourer*    Second  American. Edition*  to  which 
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are  added  General  Instructions  for  the  nse  of  Aniline  Colon.    &vo. 

343  pages $5.00 

I«UKIN. — Amongst  Machines: 

Embracing  Descriptions  of  the  various  MechaPical  Ap^iliances  used 
in  the  Manufacture  of  Wood,  Metal,  and  other  Substances.    i2mo. 

IrUKIN.— The  Boy  Engineers : 
What  They  Did,  and  How  They  Did  It.    With  30  plates.    l8mo. 

111-75 
LUKIN.— The  Young  Mechanic  e 

Pimctical  Carpentry.     Containing  Directions  for  the  Use  of  all  kinds 

of  Tools,  and  for  Construction  of  Steam- Engines  and  Mechanical 

Models,  including  the  Art  of  Turning  in  Wood  and  Metal.    By  John 

LUKIN,  Author  of  **The   Lathe  and   Its  Uses,"  etc.    Illustrated. 

I2mo |i-75 

MAIN  and  BROWN.— Questions  on  Subjects  Connected  with 

the  Marine  Steam-Engine : 

And    Examination    Papers;    with    Hints    for    their  Solution.    By 

Thomas  J.  Main,  Professor  of  Mathematics,  Royal  Naval  College, 

and  Thomas  Brown,  Chief  Engineer,  R.  N.    i2mo.,  cloth  .       I1.50 

MAIN  and  BROWN. — The  Indicator  and  Dynamometer: 
With  their  Practical  Applications  to  the  Steam-Engine.     By  Thomas 
T.  Main,  M.  A.  F.  R.,  Ass*t   S.   Professor  Royal  Naval  College, 
Portsmouth,  and  Thomas  Brown,  Assoc.  Inst.  C.  E.,  Chief  Engineer 
R.  N.,  attached  to  the  R.  N.  College.     Illustrated.     8vo.  .         I1.50 

MAIN  and  BROWN.— The  Marine  Steam-Engine. 

By  Thomas  J.  Main,  F.  R.  Ass*t  S.  Mathematical  Professor  at  the 
Royal  Naval  College,  Pbrtsmouth,  and  Thomas  Brown,  Assoc. 
Inst.  C.  E.,  Chief  Engineer  R.  N.  Attached  to  th^  Royal  Naval 
College.*    With  numerous  illustrations.    8vo.      .         .        .        $$»oo 

MARTIN.—Screw-Cutting  Tables,  Un  the  Use  of  Mechanical 
Engineers : 
Showing  the  Proper  Arrangement  of  Wheels  for  Cutting  the  Threads 
of  Screws  of  any  Required  Pitch ;  with  a  Table  for  Making  the  Uni- 
▼ersal  Qas-Pipe  Thread  and  Taps.  By  W.  A.  Martin,  Engineer. 
«vo. 50 

mCHBLL.— Mine  Drainage: 

Being  a  Complete  and  Practical  Treatise  on  Direct-Acting  Under- 
ground Steam  Pumping  Machinery.  With  a  Description  of  a  large 
number  of  the  best  known  Engines,  their  General  Utility  and  the 
Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  Merits  compared  with  other  Pumping  Machinery.  By  Stephen 
MiCHELL.    Illustrated  by  137  engravings.    8vo.,  277  pages  .      |^.oo 

MOLESWORTH.— Pocket-Book   of    Useful    Formulse    and 

Memonlnda  for  Civil  and  Mechanical  Engineers. 

By  Guilford  L.  Molesworth,  Member  of  the  Institution  of  Ctvil 

Engineers,  Chief  Resident  Engineer  of  the  Ceylon  Railway.    Full* 

bound  in  Podcet-book  form      ••••••        $iJom 
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MOORE. — The  Universal  Assistant  and  the  Complete  Me* 
chanic : 
Containing  over  one  million  Industrial  Facts,  Calculations,  Receipts^ 
g^  Processes,  Trades  Secrets,  Rules,  Business  Forms,  Legal  Items,  Etc., 

^  in  every  occupation,  from  the  Household  to  the  Manufactory.     By 

lljl  R.  Moore.     Illustrated  by  500  Engravings.     i2mo.  .        ^$2.50 

MORRIS. — Easy  Rules  for  the  Measurement  of  Earthworks : 
^  By  means  of  the  Prismoidal  Formula.     Illustrated  with  Numerout 

|.j  Wood-Cuts,  Problems,  and  Examples,  and  concluded  by  an  £xten« 

sive  Table  for  finding  the  Solidity  in  cubic  yards  from  Mean  Areas. 
■^  The  whole  being  adapted  for  convenient  use  by  Engineers,  Surveyors, 

ijg]  Contractors,  and  others  needing  Correct  Measurements  of  Earthwork. 

0  By  Elwood  Morris,  C.  E.    8vo $1.50 

1^  MORTON.^ — The  System  of  Calculating  Diameter,  Circumfer* 

..  ence.  Area,  and  Squaring  the  Circle : 

il  Together  with  Interest  and  Miscellaneous  Tables,  and  other  informa* 

tion.     By  James  Morton.     Second  Edition,  enlarged,  with  the 
^  Metric  System.     i2mo.  ■    .        .        .         .       ...        •        ^i.oo 

^  NAPIER.— Manual  of  Electro-Metallurgy : 

^'  Including  the  Application  of  the  Art  to  Manufacturing  Processes. 

™  By  James  Napier.     Fourth  American,  from  the  Fourth  London 

edition,  revised  and  enlai^ed.     Illustrated  by  engravings.  8vo.  $l,$Q 
NAPIER. — ^A  System  of  Chemistry  Applied  to  Dyeing. 

By  James  Napier,-  F.  G.  S.     A  New  and  Thoroughly  Revised  Edi- 
tion.    Completely  brought  up  to  the  present  state  of  the  Science, 
^  including  the  Chemistry  of  Coal  Tar'Colors,  by  A.  A.  Fesquet, 

,  Chemist  and  Engineer.     With  an  Appendix  on  Dyeing  and  Caiico 

Printing,  as  shown  at  the  Universal  Exposition,  Paris,  1867.     Illus> 

trated.  8vo.  422  pages j^S-OO 

NEVILLE.— Hydraulic  Tables,  Coefficients,  and  Formulae,  for 
finding  the  Discharge  of  Water  from  Orifices,  Notches^ 
Weirs,  Pipes,  and  Rivers : 
Third  Edition,  with  Additions,  consisting  of  New  Formulae  for  the 
Discharge  from  Tidal  and  Flood  Sluices  and  Siphons ;  general  infor- 
mation on  Rainfall,  Catchment-Basins,  Drainage,  Sewerage,  Water 
Supply  for  Towns  and  Mill  Power.  By  John  Neville,  C.  E.  M.  R. 
I.  A. ;  Fellow  of  the  Royal  Geological  Society  of  Ireland.    Thick 

i2mo $$.$0 

NEWBERY. — Gleanings  from  Ornamental  Art  of  eveiy 
style : 
Drawn  from  Examples  in  the  British,  South  Kensington,  Indian, 
Crystal  Palaoe,  and  other  Museums,  the  Exhibitions  of  185 1  and 
1862,  and  the  best  English  and  Foreign  works.  In  a  series  of  100 
exquisitely  drawn  Plates,  containing  many  hundred  examples.  By 
Robert  Newbery.   410. ^(12.50 

HICHOLLS.  —The  Theoretical  and  Practical  Boiler-Maker  and 
Engineer's  Reference  Book: 
Containing  a  variety  of  Useful  Information  for  Employers  of  Labor* 
Foremen  and  Working  Boiler- Makers,  Iron,  Copper,  and  Tinsmiths 
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Draughtsmen,  Engineers,  the  General  Steam-using  Public,  and  for  tha 
Use  of  Science  Schools  and  Classes.     By  Samuel  Nxcholls.    Illus-. 
trated  by  sixteen  plates,  i2mo. 1^2.50 

NICHOLSON.— A  Manual  of  the  Art  of  Bookbinding : 

Containing  full  instructions  in  the  different  Branches  of  Forwarding, 
Gilding,  and  Finishing.  Also,  the  Art  of  Marbling  Book-edges  and 
Paper.    By  James  B.  Nicholson.    Illustrated.  i2mo.,  cloth    $2.25 

NICOLLS.— The  Railway  Builders 

A  Hand-Book  for  Estimating  the  Probable  Cost  of  American  Rail- 
way Construction  and  Equipment.  By  William  J.  Nicolls,  Civil 
Engineer.   Illustrated,  full  bound,  pocket-book  form  .        $2.00 

NORMANDY.— The  Commercial  Handbook  of  Chemical  An* 
alysis : 
Or  Practical  Instructions  for  the  Determination  of  the  Intrinsic  ot 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades, 
and  in  the  Arts.  By  A.  Normandy.  New  Edition,  Enlarged,  and 
to  a  great  extent  rewritten.  By  Henry  M.  Noad,  Ph.D.,  F.R.S., 
thick  i2mo. $S-^^ 

MORRIS. — ^A  Handbook  for  Locomotive  Engineers  and  Ma« 
chinists : 
Comprising  the  Proportions  and  Calculations  for  Constructing  Loco* 
motives;  Manner  of  Setting  Valves;  Tables  of  Squares,  Cubes,  Areas, 
etc.,  etc.  By  Septimus  Norris,  M.  E.  New  edition.  Illustrated, 
l2mo, |i>5o 

HYSTROM. — A  New  Treatise  on  Elements  of  Mechanics : 
Establishing  Strict  Precision  in  the  Meaning  of  Dynamical  Terms  s 
accompanied  with  an  Appendix  on  Duodenal  Arithmetic  and  Me* 
trology.     By  John  W.  Nystrom,  C.  E.     Illustrated.    8vo.       |2.oo 

MYSTROM. — On  Technological  Education  and  the  Construc- 
tion of  Ships  and  Screw  Propellers : 
For  Naval  and  Marine  Engineers.     By  John  W.  Nystrom,  late 
Acting  Chief  Engineer,  U.  S.  N.     Second  edition,  revised,  with  addi- 
tional  matter.     Illustrated  by  seven  engravings.     i2mo.     .        ^1.50 

JO'NEILL. — A  Dictionary  of  Dyeing  and  Calico  Printing: 

Containing  a  brief  account  of  ail  the  Substances  and  Processes  in 
^se  in  the  Art  of  Dyeing  and  Printing  Textile  Fabrics ;  with  Practical 
Receipts  and  Scientific  Information.  By  Charles  O'Neill,  Analy- 
tical Chemist.  To  which  is  added  an  Essay  on  Coal  Tar  Colors  and 
their  application  to  Dyeing  and  Calico  Printing.  By  A.  A.  Fesquet, 
Chemi«t  and  Engineer.  With  an  appendix  on  Dyeing  and  Calico 
Printing,  as  shown  at  the  Universal  Exposition,  Paris,  iS67.  8vo., 
491  pages  ..«....•.        ;^5.oo 

ORTO N . — ^Underground  Treasures  *. 
How  and  Where  to  Find  Them.  A  Key  for  the  Ready  Determination 
of  all  the  Useful .  Minerals  within  the  United  States.  By  James 
Orton,  A.M.,  Late  Professor  of  Natural  History  in  Vassar  College, 
N.  Y.;  Cor.  Mem.  of  the  Academy  of  Natural  Sciences,  Philadelphia, 
and  of  the  Lyceum  of  Natural  History,  New  York ;  author  of  the 
«♦  Andes  and  the  Amazon,"  etc.  A  New  Edition,  with  Additions. 
Illustrated ^        $i'So 
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OSBORN.— The  Metallurgy  of  Iron  and  Steel : 

Theoretical  and  Practical  in  all  its  Branches ;  with  special  rer'frencc 
to  American  Materials  and  Processes.  By  H.  S.  OiBORN,  LL.  D., 
Professor  of  Mining  and  Metallurgy  in  Lafayette  College,  Easton, 
Pennsylvania.  Illustrated  by  numerous  large  folding  plates  and 
wood-engravings.     8vo.  ......         $2$.oo 

OSBORN. — A  Practical  Manual  of  Minerals,  Mines  and  Min- 
ing: 
Comprising  the  Physical  Properties,  Geologic  Positions,  Local  Occur- 
rence and  Associations  of  the  Useful  Minerals;  their  Methods  of 
Chemical  Analysis  and  Assay:  together  with  Various  Systems  of 
Excavating  and  Timbering,  Brick  and  Masonry  Work,  during  Driv- 
ing, Lining,  Bracing  and  other  Operations,  etc.  By  Prof.  H.  S. 
OsBORN,  LL.  D.,  Author  of  the  "  Metallurgy  of  Iron  and  Steel." 
Illustrated  by  171  engravings  from  original  drawings.     8vo.      M*5® 

OVERMAN.— The  Manufacture  of  Steel : 
Containing  the  Practice  and  Principles  of  Working  and  Making  Steel. 
A  Handlx)ok  for  .Blacksmiths  and  Workers  in  Steel  and  Iron,  W^agon 
Makers,  Die  Sinkers,  Cutlers,  and  Manufacturers  of  Files  and  Hard- 
ware, of  Steel  and  Iron,  and  for  Men  of  Science  and  Art.  By 
Frederick  Overman,  Mining  Engineer,  Author  of  the  "  Manu- 
facture of  Iron,"  etc.  A  Oiew,  enlarged,  and  revised  Edition.  By 
A.  A.  Fesquet,  Chemist  and  Engineer.     i2mo.         .         .        $1.50 

OVERMAN.— The  Moulder's  and  Founder's  Pocket  Guide  : 
A  Treatise  on  Moulding  and  Founding  in  Green-sand,  Dry  sand.  Loam, 
and  Cement;  the  Moulding  of  Machine  Frames,  Mill-gear,  Hollow* 
ware.  Ornaments,  Trinkets,  Bells, and  Statues;  Description  of  Moulds 
for  Iron,  Bronze,  Brass,  and  other  Metals ;  Plaster  of  Paris,  Sulphur, 
Wax,  etc. ;  the  Construction  of  Melting  Furnaces,  the  Melting  and 
Founding  of  Metals ;  the  Composition  of  Alloys  and  their  Nature, 
etc.,  etc.  By  Frederick  Overman,  M.  E.  A  new  Edition,  to 
which  is  added  a  Supplement  on  Statuary  and  Ornamental  Moulding, 
Ordnance,  Malleable  Iron  Castings,  etc.  By  A.  A.  Fesquet,  Chem- 
ist and  Engineer.     Illustrated  by  44  engravings.     i2mo.    .        ^(2.00 

PAINTER,  GILDER,  AND  VARNISHER'S  COMPANION-.: 

^  Containing  Rules  and  Regulations  in  everything  relating  to  the  AitS 
of  Painting,  Gilding,  Varnishing,  Glass- Staining,  Graining,  Marbling, 
Sign- Writing,  Gilding  on  Glass,  and  Cc/ach  Painting  and  Varnishing; 
Tests  for  the  Deteciion  of  Adulterations  in  Oils,  Colors,  etc.;  and  a 
Statement  of  the  Diseases  to  which  Painters  are  peculiarly  liable,  with 
the  Simplest  and  Best  Remedies.  Sixteenth  Edition.  Revised,  wiih 
an  Appendix.  Containing  Colors  and  Coloring — Theoretical  and 
Practical.  Comprising  descriptions  of  a  great  variety  of  Additional 
Pigments,  their  Qualities  and  Uses,  to  which  are  added.  Dryers,  and 
Modes  and  Operations  of  Painting,  etc.  Together  with  Chevreul's 
Principles  of  Harmony  and  Contrast  of  Colors.   l2mo.     Cloth     $i.SO 

PALLETT.— The  Miller's,  MUlwright's,  and  Engineer's  Guide. 
By  Henry  Pallett.     Illustrated.     i2mo.        .        .        .        $2.00 
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PERCY. — The  Manufacture  of  Russian  Sheet-Inm. 

By  John  Percy,  M.  D.,  F.  R.  S.,  Lecturer  on  Metallurgy  at  th« 
Royal  School  of  Mines,  and  to  The  Advance  Class  of  Artillery 
Officers  at  the  Royal  Artillery  Institution,  Woolwich ;  Author  of 
"  Metallurgy."  With  Illustrations.     8vo.,  paper       .        .         50  eta, 

PERKINS.— Gas  and  Ventilation : 
Practical  Treatise  on  Gas  and  Ventilation.     With  Special  Relation 
to  Illuminating,  Healing,  and  Cooking  by  Gas.     Including  Scientilic 
Helps  to  Engineer-students  and  others.     With  Illustrated  Diagrams. 
By  E.  E.  Perkins.     i2mo.,  cloth ^1.25 

FfiRKINS  AND  STOWE.--A  New  Guide  to  the  Sheet-iron 
and  Boiler  Plate  Roller : 
Containing  a  Series  of  Tables  showing  the  Weight  of  Slabs  and  Piles 
to  Produce  Botler  Plates,  and  of  the  Weight  of  Piles  and  the  Sizes  of 
Bars  to  produce  Sheet-iron;  the  Thickness  of  the  Bar  Gauge 
in  decimals ;  the  Weight  per  foot,  and  the  Thickness  on  the  Bar  or 
Wire  Gauge  of  the  fractional  parts  of  an  inch;  the  Weight  per 
sheet,  and  the  Thickness  on  the  Wire  Gauge  of  Sheet-iron  of  various 
dimensions  to  weigh  112  lbs.  per  bundle;  and  the  conversion  of 
Short  Weight  into  Long  Weight,  and  Long  Weight  into  Short. 
Estimated  and  collected  by  G.  H.  Perkins  and  J.  G.  Stowe.  12.5a 

POWELL—CHANCE— HARRIS.— The   Principles  of  Glass 

Making. 

By  Harry  J.  Powell,  B.  A.  Together  with  Treatises  on  Crown  and 

Sheet  Glass;  by  Henry  Chance,  M.  A.    And  Plate  Glass,  by  H. 

G.  Harris,  Asso.  M.  Inst.  C.  £.    Illustrated  i8mo.  .        I1.50 

PROCTOR.— A  Pocket-Book  of  Useful  Tables  and  FormuUe 
for  Marine  Engineers : 
By   Frank   Proctor.    Second    Edition,  Revised  and  Enlarged. 
Full -bound  pocket-book  form $1.^Q 

REGNAULT.— Elements  of  Chemistry: 
By  M.  V.  Regnault.  Translated  from  the  French  by  T.  Forrest 
Betton,  M.  D.,  and  edited,  with  Notes,  by  James  C.  Booth,  Melter 
and  Refiner  U.  S.  Mint,  and  William  L.  Faber,  Metallurgist  and 
Mining  Engineer.  .  Illustrated  by  nearly  700  wood -engravings.  Com- 
prising nearly  1,500  pages.     In  two  volumes,  8vo.,  cloth   .        1^7.50 

RICHARDS.— Aluminium : 
Its  History,  Occurrence,  Properties,  Metallurgy  and  Applications, 
including  its  Allo)rs.     By  Joseph  W.  Richards,  A.  C,  Chemist  and 
Practical  Metallurgist,  Member  of  the  Deutsche  Chemische  Gesell- 
schafl.     Illustrated  by  16  engravings.     12  mo.     346  pages         ^2.50 

RIFFAULT,  VERGNAUD,  and  TOUSSAINT.— A  Practical 
Treatise  on  the  Manufacture  of  Colors  for  Painting : 
Comprising  the  Origin,  Definition,  and  Classification  of  Colors;  the 
Treatment  of  the  Raw  Materials ;  the  best  Formulae  and  the  Newest 
Processes  for  the  Preparation  of  every  description  of  Pigment,  and 
the  Necessary  Apparatus  and  Directions  for  its  Use;  Dryers;  the 
Testing,  Application,  and  Qualities  of  Paints,  etc.,  etc.  By  MM. 
Riffault,  Vergnaud,  and  Tqussaint.    Revised  and  Edited  by  M. 
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F.  Malepeybe.  Translated  from  the  French,  by  A.  A.  Fesquei; 
Chemist  and  Engineer.  Illustrated  by  Eighty  engravings.  In  on« 
vol.,  8vo.,  659  pages $7'5^ 

ROPER.— A  Catechism  of  High-Pressufe,  or  Non-Condensing 
Steam-Engines : 
Including  the  Modelling,  Constructing,  and  Management  of  Steam* 
Engines  and  Steam  Boilers.  With  vahtable  iUuatrations.  By  Ste- 
phen Roper,  Engineer.  Sixteenth  editioa^  revised  and  enlarged. 
i8mo.,  tucks,  gilt  edge ,        $2XX> 

JSOPER.— Engineer's  Handy-Book: 

Containing  a  full  Explanation  of  the  Steam- Engine  Indicator,  and  its 
Use  and  Advantages  to  Engineers  and  Steam  Users.  With  Formulas 
for  Estimating  the  Power  of  all  Classes  of  Steam-Engines;  also. 
Facts,  Figures,  Questions,  and  Tables  for  Engineers  who  wish  to 
qualify  themselves  for  the  United  States  Navy,  the  Revenue  Service, 
the  Mercantile  Marine,  or  to  take  charge  of  the  Better  Class  of  Sta- 
tionary  Steam-Engines.  Sixth  edition.  i6mo.,  690  pages,  tucks, 
gilt  edge ^.50 

ROPER. — Hand-Book  of  Land  and  Marine  Engines : 
Including  the  Modelling,  Construction,  Running,  and  Management 
of  Lane*  and  Marine  Engines  and  Boilers.     With  illustrations.     Bf 
Stephen  Roper,  Engineer.    Sixth  edition.     i2mo.,ti*cks,  gilt  edge. 

ROPER.— Hand-Book  of  the  Locomotive : 

Including  the  Construction  of  Engines  and  Boilers,  and  the  Constmc- 
tion.  Management,  and  Running  of  Locomotives.  By  Stephen 
Roper.     Eleventh  edition.     i8mo.,  tucks,  gilt  edge  .        $2,^ 

ROPER.r— Hand-Book  of  Modem  Steam  Fire-Engines. 
With  illustrations.     By  STEPHEN  Roper,  Engineer.     Fourth  edition, 
i2mo.,  tucks,  gilt  edge $3-S0 

ROPER. — Questions  and  Answers  for  Engineers. 
This  little  book  contains  all  the  Questions  that  Engineers  will  be 
asked  when  lindergoing'an  Examination  for  the  purpose  of  procuring 
Licenses,  and  they  are  so  plain  that  any  Engineer  or  Fireman  of  or- 
dinary intelligence  may  commit  them  to  memory  in  a  short  time.  By 
Stephen  Roper,  Engineer.    Third  edition       .        .        .        1^3.00 

ROPER.-^Use  and  Abuse  of  the  Steam  Boiler. 
By  Stephen  Roper,  Engineer.     Eighth  edition,  with  illustrations. 
i8mo.,  tucks,  gilt  edge i^2.oo 

ROSE.^The  Complete  Practical  Machinist : 

.    Embracing  Lathe  Work,  Vise  Work,  Drills  and  Drilling,  Taps  and 
Dies,  Hardening  and  Tempering,  the  Making  and  Use  of  Tools^ 

.    Tool  Grinding,  Marking  out  Work,  etc.     By  Joshua  Ross.    Illus- 
trated by  356  engravings.     Thirteenth  edition,  thoroughly  revised 

^    and  in  great  part  rewritten.     In  one  vol.,  i2mo.,  439  pages  .    $2.^<m 

ROSE.— Mechanical  Drawing  Self-Taught;  ^ 

^  Copiprising  Instructions  in  the  Selection  and  Preparation  of  Drawing 
.  Instruments,  Elementary  Instruction  in  Practical  Mechanical  Draw 


24         HENRY  CAREY  BAIRD  &  CO.'S  CATALOGUE. 

ing,  together  with  Examples  in  Simple  Geometry  and  Elementary 
Mechanism,  including  Screw  Threads,  Gear  Wheels,  Mechanical 
Motions,  Engines  and  Boilers.  By  Joshua  Rose,  M.  £.  Illustrated 
by  330  engravings.     8vo  ,313  pages         ....        #4.00 

ROSE.— The  Slide- Valve  Practically  Explained: 
Embracing  simple  and  complete  Practical  Demonstrations  of  the 
operation  of  each  element  in  a  Slide-valve  Movement,  and  illustrat- 
ing the  effects  of  Variations  in  their  Proportions  by  examples  care- 
fully selected  from  the  most  recent  and  successful  practice.  By 
Joshua  Rose,  M.  E.     Illustrated  by  35  engravings       "'  .        $1.00 

ROSS. — The  Blowpipe  in  Chemistry,  Mineralogy  and  Geology: 

Containing  all  Known  Methods  of  Anhydrous  Analysis,  many  Work- 
ing Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut.- 
Colonel  W.  A.  Ross,  R.  A.,  F.  G.  S.  With  120  Illustrations. 
i2mo.       ..........        ^2.00 

SHAW.— Civil  Architecture : 

Being  a  Complete  Theoretical  and  Practical  System  of  Building,  con- 
taining the  Fundamental  Principles  of  the  Art.  By  Edward  Shaw, 
Architect.  To  which  is  added  a  Treatise  on  Gothic  Architecture,  etc. 
By  Thomas  W.  Silix>way  and  George  M.  Harding,  Architects. 
The  whole  illustrated  by  102  quarto  plates  finely  engraved  on  copper. 
Eleventh  edition.     4to j^io.oo 

8HUNK. — A  Practical  Treatise  on  Railway  Curves  and  Loca- 
tion, for  Young  Engineers. 
By  W.  F.  Shunk,  C.  E.    i2mo.    Full  bound  pocket-book  form  ^2.00 

SLATER. — The  Manual  of  Colors  and  Dye  Wares. 

By  J.  W.  Slater,     i^mo ^3-75 

SLOAN. — American  Houses : 

A  variety  of  Original  Designs  for  Rural  Buildings.  Illustrated  by 

26  colored  engravings,  with  descriptive  references.  By  Samuel 

Sloan,  Architect.    8vo.           .        .        .        .        .  .        $i.So 

SLOAN. — Homestead  Architecture : 

Containing  Forty  Designs  for  Villas,  Cottages,  and  Farm-houses,  with 
Essays  on  Style,  Construction,  Landscape  Gardening,  Furniture,  etc., 
etc.  Illustrated  by  upwards  of  200  engravings.  By  Samuel  Sloan, 
Architect.     8vo $3'S^ 

8LOANB. — Home  Experiments  In  Science. 
By  T.  O'CoNOR  Sloane,  E.  M.,  A.  M.,  Ph.  D.    Illustrated  by  91 
engravings.     i2mo. •        •        $1'5^ 

SMEATON.— Builder's  Pocket-Companion : 
Containing  the  Elements  of  Building,  Surveying,  atid  Architecture ; 
with  Practical  Rules  and  Instructions  connected  with  the  subject. 
By  A.  C.  Smeaton,  Civil  Engineer,  etc.   •i2mo.      •        •        1 1.50 

SMITH.-— A  Manual  of  Political  Economy. 
By  E.  Peshine  Smith.    A  New  Edition,  to  which  &  added  a  full 
Index.     i2mo. $t.7< 
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SMITH. — Parks  and  Pleasure-Grounds : 
Or  Practical  Notes  on  Country  Residences,  Villas,  Public  Parks,  and 
Gardens.     By  Charles   H.  J.  Smith,  Landscape   Gardener  and 
Garden  Architect,  etc.,  etc.     i2mo.  ....        ^2.00 

SMITH. — The  Dyer's  Instructor: 
Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk,  Cotton, 
Woo),  and  Worsted,  and  Woolen  Goods ;  containing  nearly  800 
Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Padding;  and 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs,  and  the 
various  Mordants  and  Colors  for  the  different  styles  of  such  work. 
By  David  Smith,  Pattern  Dyer.     i2mo.  .         .        .        jJ^S-OO 

SMYTH. — A  Rudimentary  Treatise  on  Coal  and  Coal-Mining. 
By  Warringtox  W.  Smyth,  M.  A.,  F.  R.  G.,  President  R.  G.  S. 
of  Cornwall.    Fifth  edition,  revised  and  corrected.    With  numer- 
ous illustrations.     l2mo.  ......        $^-7$ 

SNIVELY. — A  Treatise  on  the  Manufacture  of  Perfumes  and 
Kindred  Toilet  Articles. 
By  John  H.  Snively,  Phr.  D.,  Professor  of  Analytical  Chemistry  in 
the  Tennessee  College  of  Pharmacy.     8vo.        .         .         .        $3.00 

SNIVELY.— Tables  for  Systematic  QualiUtive  Chemical  Anal- 
ysis. 
By  John  H.  Snively,  Phr.  D.    8vo.        .        .        .        .        $1.00 

SNIVELY.— The  Elements  of  Systematic  Qualitative  Chemical 
Analysis : 
A  Hand-book  for  Beginners.    By  John  H.  Snively,  Phr.  D.    i6mo. 

I2.00 
STEWART.— The  American  System  : 

Speeches  on  the  Tariff  Question,  and  on  Internal  Improvements, 
principally  delivered  in  the  House  of  Representatives  of  the  United 
States.  By  Andrew  Stewart,  late  M.  C.  from  Pennsylvania. 
With  a  Portrait,  and  a  Biographical  Sketch.    8vo.      .         .         $3.00 

STOKES.— The  Cabinet- Maker  and  Upholsterer's  Companion: 

Comprising  the  Art  of  Drawing,  as  applicable  to  Cabinet  Work; 
Veneering,  Inlaying,  and  Buhl- Work ;  the  Art  of  Dyeing  and  Stain- 
ing Wood,  Ivory,  Bone,  Tortoise-Shell,  etc.  Directions  for  Lacker- 
ing, Japanning,  and  Varnishing;  to  make  French  Polish,  Glues, 
Cements,  and  Compositions;  with  numerous  Receipts,  useful  to  work- 
men generally.  By  J.  Stokes.  Illustrated.  A  New  Edition,  with 
an  Appendix  upon  French  Polishing,  Staining,  Imitating,  Varnishing^ 
etc.,  etc.    l2nio ^^1.25 

STRENGTH  AND  OTHER  PROPERTIES  OF  METALS; 

Reports  of  Experiments  on  the  Strength  and  other  Proi)erties  of 
Metals  for  Cannon.  With  a  Description  of  the  Machines  for  Testing 
Metals,  and  of  the  Classification  of  Cannon  in  service.  By  Officers 
of  the  Ordnance  Department,  U.  S.  Army.  By  authority  of  the  Secrc 
taryof  War.  Illustrated  by  25  large  steeL plates.  Quarto  •  j^io.oo 
SULrLIV AH.— Protection  to  Native  Industry. 
By  Sir  Edward  Sullivan,  Baronet,  author  of  "  Ttti  Chapters  on 
Social  Reforms."     8vo •        •        •        ^i.'^.o 
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ing,  together  with  Examples  in  Simple  Geometry  and  Elementary 
Mechanism,  including  Screw  Threaids,  Gear  Wheels,  Mechanical 
Motions,  Engines  and  Boilers.  By  Joshua  Rose,  M.  £.  Illustrated 
by  330  engravings.     8vo  ,313  pages         ....        ^4.00 

ROSE.— The  Slide- Valve  Practically  Explained: 
Embracing  simple  and  complete  Practical  Demonstrations  of  the 
operation  of  each  element  in  a  Slide-valve  Movement,  and  illustrat- 
ing the  effects  of  Variations  in  their  Proportions  by  examples  care- 
fully selected  from  the  most  recent  and  successful  practice.  By 
Joshua  Rose,  M.  E.     Illustrated  by  35  engravings       *'  .        $1.00 

ROSS. — The  Blowpipe  in  Chemistry,  Mineralogy  and  Geology : 

Containing  all  Known  Methods  of  Anhydrous  Analysis,  many  Work- 
ing Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut.« 
Colonel  W.  A.  Ross,  R.  A.,  F.  G.  S.  With  120  lUustraticms, 
i2mo ;|2.oo 

SHAW.— Civil  Architecture : 

Being  a  Complete  Theoretical  and  Practical  System  of  Building,  con- 
taining the  Fundamental  Principles  of  the  Art.  By  Edward  Shaw, 
Architect.  To  which  is  added  a  Treatise  on  Gothic  Architecture,  etc. 
By  Thomas  W.  Silloway  and  George  M.  Harding,  Architects. 
The  whole  illustrated  by  102  quarto  plates  finely  engraved  on  copper. 
Eleventh  edition.     4to 1 10.00 

SHUNK. — A  Practical  Treatise  on  Railway  Curves  and  Loca- 
tion, for  Young  Engineers. 
By  W.  F.  Shunk,  C.  E.    i2mo.    Full  bound  pocket-book  form  |i2.oo 

SLATER.— The  Manual  of  Colors  and  Dye  Wares. 

By  J.  W.  Slater,     i^mo 13-75 

SLOAN. — American  Houses : 

A  variety  of  Original  Designs  for  Rural  Buildings.  Illustrated  by 
26  colored  engravings,  with  descriptive  references.  By  Samuel 
Sloan,  Architect.     8vo.  .        .        •        .        .        .        ^^1.50 

SLOAN. — Homestead  Architecture : 

Containing  Forty  Designs  for  Villas,  Cottages,  and  Farm-houses,  with 
Essays  on  Style,  Construction,  Landsca.pe  Gardening,  Furniture,  etc., 
etc.  Illustrated  by  upwards  of  200  engravings.  By  Samuel  Sloan, 
Architect.     8vo $3-S^ 

SLOAN E. — Home  Experiments  in  Science. 
By  T.  O'Conor  Sloane,  E.  M.,  A.  M.,  Ph.  D.    Illustrated  by  91 
engravings.     i2mo. $i'S^ 

SMEATON.— Builder's  Pocket-Companion : 
Containing  the  Elements  of  Building,  Surveying,  and  Architecture ; 
with  Practical  Rules  and  Instructions  connected  with  the  subject. 
By 'A.  C.  Smeaton,  Civil  Engineer,  etc.   •i2mo.      •        •        $i*S^ 

SMITH.-— A  Manual  of  Political  Economy. 
By  £.  Peshine  Smith.    A  New  Edition,  to  which  u  added  a  full 
Index.     i2mo. •         .         .         |l.2«^ 
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SMITH. — Parks  and  Pleasure-Orottnds : 

Or  Practical  Notes  on  Country  Residences,  Villas,  Public  Parks,  and 
Gardens.  By  Charles  H.  J.  Smith,  Landscape  Gardener  and 
Garden  Architect,  etc.,  etc.     i2mo.  ....        ^2.00 

SMITH.— The  Dyer's  Instructor: 
Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk,  Cotton, 
Wool,  and  Worsted,  and  Woolen  Goods;  containing  nearly  800 
Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Padding;  and 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs,  and  the 
various  Mordants  and  Colors  for  the  different  styles  of  such  work. 
By  David  Smith,  Pattern  Dyer.     i2mo.  .        .        .        $3.00 

SMYTH. — A  Rudimentary  Treatise  on  Coal  and  Coal-Mining. 
By  WARRiNGTOi»f  W.  Smyth,  M.  A.,  F.  R.  G.,  President  R.  G.  S. 
of  Cornwall.     Fifth  edition,  revised  and  corrected.     With  numer« 
ous  illustrations.     i2mo. $^»7S 

SNIVELY. — A  Treatise  on  the  Manufacture  of  Perfumes  and 
Kindred  Toilet  Articles. 
By  John  H.  Snively,  Phr.  D.,  Professor  of  Analytical  Chemistry  in 
the  Tennessee  College  of  Pharmacy.     8vo.        .         .         .        ^3.00 

SNIVELY.— Tables  for  Systematic  Qualiutive  Chemical  Anal- 
ysis. 
By  John  H.  Snively,  Phr.  D.    8vo.        .        .        .        .       ^i.oo 

SNIVELY.—The  Elements  of  Systematic  Qualitative  Chemical 
Analysis : 
A  Hand-book  for  Beginners.   By  John  H.  Snively,  Phr.  D.    i6mo. 

$2.00 
STEWART.— The  American  System  : 

Speeches  on  the  Tariff  Question,  and  on  Internal  Improvements, 
principally  delivered  in  the  House  of  Representatives  of  the  United 
States.  By  Andrew  Stewart,  late  M.  C.  from  Pennsylvania. 
With  a  Portrait,  and  a  Bic^raphical  Sketch.    8vo.      .         .         $3.00 

STOKES.— The  Cabinet  Maker  and  Upholsterer's  Companion : 
Comprising  the  Art  of  Drawing,  as  applicable  to  Cabinet  Work; 
Veneering,  Inlaying,  and  Buhl-Work ;  the  Art  of  Dyeing  and  Stain- 
ing Wood,  Ivory,  Bone,  Tortoise-Shell,  etc.  Directions  for  Lacker- 
ing, Japanning,  and  Varnishing;  to  make  French  Polish,  Glues, 
Cements,  and  Compositions;  with  numerous  Receipts,  useful  to  work- 
men generally.  By  J.  Stokes.  Illustrated.  A  New  Edition,  ivith 
an  Appendix  upon  French  Polishing,  Staining,  Imitating,  Varnishing^ 
etc.,  etc.    i2mo i(^i-25 

STRENGTH  AND  OTHER  PROPERTIES  OF  METALS: 

Reports  of  Experiments  on  the  Strength  and  other  Pro()erties  of 
Metals  for  Cannon.  With  a  Description  of  the  Machines  for  Testing 
Metals,  and  of  the  Classification  of  Cannon  in  service.  By  Officers 
of  the  Ordnance  Department,  U.  S.  Army.  By  authority  of  the  Secr^ 
taiyofWar.  Illustrated  by  25  large  steel  plates.  Quarto*  $io,OQ 
SULrLIVAN.— Protection  to  Native  Industry. 
By  Sir  Edward  Sullivan,  Baronet,  author  of  «  Tmi  Chapters  on 
Social  Reforms."     8vo |i-'>o 
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SYMB. — Outlines  6f  an  Industrial  Science. 
By  David  Syme.     i2mo.  .        .  ...        $2.6q 

tABLES     SHOWING     tHI^     WEIGHT     OP     ROUND, 
SQUARE,  AND  Pj^kT  BAR  IRON,  StEEL,  ETC., 
By  Measurement.     Cloih 63 

TAYLOR.^Stati8tic8  of  Coal : 

Including  Mineral  Bituminous  Substances  employed  in  Arts  and 
Manufactures;  with  their  Geographical,  Geological,  and  Commercial 
Distribution  and  Amount  of  Production  and  Consumption  on  the 
American  Continent.  With  Incidental  Statistics  of  the  Iron  Manu- 
factiire.  By  R.  C.  Taylor.  Second  edition,  revised  by  S.  S.  Halde* 
MAN.  Illustrated  by  five  Maps  atld  niahy  Wood  engravings.  Svo., 
cloth ;|io.oo 

TEMPLETON. — The  Practical  Examinator  on  Steam  and  the 

Steam -Engine: 

With  Instructive  References  relative  thereto,  arranged  for  the  Use  of 

Engineers,  Students,  and  others.    By  William  Templkton,  En. 

gineer.     i2mo. $i»^S 

THAUSING.— The  Theory  and  Practifce  of  the  Preparation  of 
Malt  and  the  Fabricatioii  of  ]^eer: 
With  especial  reference  to  the  Vienna  Pft)cess  of  Brewing.  Elab- 
orated from  personal  experience  by  Julius  E.  THAUSiNGi  Professor 
at  the  School  for  Brewers,  and  at  the  Agricultural  Institute,  Modling, 
near  Vienna.  Translated  from  the  German  by  William  T,  Brannt, 
Thoroughly  and  elaborately  edited,  with  much  American  matter,  and 
according  to  the  latest  and  most  Scientific  Practice,  by  A.  Schwarz 
and  Dr.  A.  H.  Bauer.  Illustrated  by  140  Engravings.  8vo.,  815 
pages $10.60 

THOMAS.—The  Modem  Practice  of  Photography: 
By  R.  W.  Thomas,  F.  C.  S.    8vo.  ....  75 

THOMPSON.— Political  Economy.    With  Especial  Reference 
to  the  Industrial  History  of  Nations : 
By  Robert  E.  Thompson,  M.  A.,  Professor  of  Social  Science  in  the 
University  of  Pennsylvania.     i2mo.  ....        $i*SO 

THOMSON.— Freight  Charges  Calculator: 
By  Andrew  Thomson,  Freight  Agent.    2i(mo.        .        .        ^1.25 

TURNER'S  (THE)  COMPANION: 
Containing  Instructions  in  Concentric,  Elliptic,  and  Eccentric  Turn* 
iiig;  also  various  Plates  of  Chucks,  Tools,  and  Instruments;  and 
Directions  for  using  the  Eccentric  Cutter,  Drill,  Vertical  Cutter,  and 
Circular  Rest;  with  Patterns  and  Instructions  for  working  them. 
i2mo.        .....•••••        I»i>25 

TURNING:  Specimens  of  Fancy  Turning  Ezecttted  on  the 

Hand  or  Foot- Lathe : 

With  Geometric,  Oval,  and  Eccentric  Chucks,  and  Elliptical  Cutting 

Frame.    By  an  Amateur.     Illustrated  by  30  exquisite  Photographs. 

4to. I3.00 

I7RBIN— BRULL.--A  Practical  Guide  for  Puddllag  Iron  and 

,  .  ,Steel.>  .  . 
By  El).  Urbin,  Engineer  of  Arts  and  Manufactures.     A  Prize  Essay, 
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read  before  the  Association  of  Engineers,  Graduate  of  the  School  of 
Mines,  of  Liege,  Belgium,  at  the  Meeting  of  1865-6.  To  which  is 
added  A  Comparison  of  the  Resisting  Properties  of  Iron  and 
Steel.  By  A.  Brull.  Translated  from  the  French  by  Ai  A,  Fes- 
QUET,  Chemist  and  Engineer.     8vo.  .         .         .         .        $1.00 

VAILE.---Galvanized-Iron  Cornice -Worker's  Manual  i 

Containing  Instructions  in  Laying  out  the  Different  Mitres,  and 
Making  Patterns  for  all  kinds  of  Plain  and  Circular  Wbtk.  Also, 
Tables  of  Weights,  Areas  and  Circumferences  of  Circles,  and  other 
Matter  calculated  to  Benefit  the  Trade.  By  CHARLES  A.  Vaile. 
Illustrated  by  twenty-dhe  plates.    4to $S*oo 

ViLLE. — On  Artificial  Manures : 

Their  Chemical  Selection  and  Scientific  Application  to  Agriculture. 
A  series  of  Lectures  given  at  the  Experimental  Farm  at  Vincennes, 
during  1867  and  1 874-7 5.  By  M.  Georges  Ville.  Translated  and 
Edited  by  William  Crookes,  F.  R.  S.  Illustrated  by  thirty-one 
engravinus.    8vo.,  450  pages      .         .         .         .         i         .         |i6.oo 

VILLE.— The  Sch6ol  of  Chetnisal  Manures  i 

Or,  Elementary  Principles  in  the  Use  of  Firtilizing  Ageilts.  From 
the  French  of  M.  Geo.  ViLLfe,  by  A.  A.  Fesquet,  Chemiit  and  En- 
gineer.    With  Illustrations.     i2mo.  ....        $1.25 

VOGDES.— The  Architect's  and  Builder's  Pocket-Companion 
and  Price-Book: 
Consisting  of  a  Short  but  Comprehensive  Epitome  of  Decimals,  Duo- 
decimals, Geometry  and  Mensuration ;  with  Tables  of  United  States 
Measures,  Sizes,  Weights,  Strengths,  etc.,  of  Iron,  Wood,  Stone, 
Brick,  Cement  and  Concretes,  Quantities  of  Materials  in  given  Sizes 
and  Dimensions  of  Wood,  Brick  and  Stone ;  and  full  and  complete 
Bills  of  Prices  for  Carpenter's  Work  and  Painting ;  also,  Rules  for 
Computing  and  Valuing  Brick  and  Brick  Work,  Stone  Work,  Paint- 
ing, Plastering,  with  a  Vocabulary  of  Technical  Terms,  etc.  By 
Frank  W.  Vogdes,  Architect,  Indianapolis,  Ind.  Enlarged,  revised, 
and  corrected.     Iil  one  volume,  368  pages,  full-bound,  pocket-book 

form,  gilt  edges '«         .         $2.00 

Cloth       -..-*•••••••  1 .59 

^AHL. — Qalvanoplastic  Manipulations : 
A  Practical  Guide  lor  the  Gold  and  Silver  Electroplater  and  the  Gal- 
▼anoplastic    Operator.      Comprising  the   Electro-Deposition   of   all 
Metals  by  means  of  the  Battery  and  the  Dynamo-Electric  Machine, 
as  well  as  the  most  approved  Processes  of  Deposition  by  Simple  Im- 
mersion, with  Descriptions  of  Apparatus,  Chemical  Products  employed 
in  the  Art,  etc.     Based  largely  on  the  **  Manipulations  Hydroplas- 
'  tiques "  of  Alfred  Roseleur.    By  William  H.-  Wahl,  Ph.  D. 
(  Heid),  Secretary  of  the  Franklin  Institute.     Illustrated  by  189  en- 
gravings.   8vo.,  656  pages $7'S^  I 

WALTON.— Coal-Mining  Described  and  Illustrated: 
By  Thomas  H.  Walton,  Mining  Engineer.    Illustrated  by  24  large 
and  elaborate  Plates,  after  Actual  Workings  and  Apparatus.  $5.00 
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WARE.— The  Sugar  Beet. 

\  Including  a  History  of  the  Beet  Sugar  Industry  in  Europe,  Vaiietiai 
of  the  Sugar  Beet,  Examination,  Soils,  Tillage,  Seeds  and  Sowing, 
Yield  and  Cost  of  Cultivation,  Harvesting,  Transportation,  Conserva> 
tion.  Feeding  Qualities  of  the  Beet  and  of  the  Pulp,  etc.  By  Lewis 
S.  Ware,  C.  E.,  M.  E.    Illustrated  by  ninety  engravings.     8vo. 

WARN.— The  Sheet-Metal  Worker's  Instructor: 

For  Zinc,  Sheet-Iron,  Copper,  and  Tin-Plate  Workers,  etc.  Contain* 
ing  a  selection  of  Geometrical  Problems ;  also.  Practical  and  Simple 
Rules  for  Describing  the  various  Patterns  required  in  the  different 
branches  of  the  above  Trades.  By  Reuben  H.  Warn,  Practical 
Tin-Plate  Worker.  To  which  is  added  an  Appendix,  containing 
Instructions  for  Boiler-Making,  Mensuration  of  Surfaces  and  Solids, 
Rules  for  Calculating  the  Weights  of  different  Figures  of  Iron  and 
Steel,  Tables  of  the  Weights  of  Iron,  Steel,  etc.  Illustrated  by  thirty- 
two  Plates  and  thirty-seven  Wood  Engravings.     8vo.         .        ^3.00 

WARNER. — New  Theorems,  Tables,  and  Diagrams,  for  tho 
Computation  of  Barth-work : 

Designed  for  the  use  of  Engineers  in  Preliminary  and  Final  Estimates;! 
of  Students  in  Engineering,  and  of  Contractors  and  other  non-profes« 
sional  Computers.  In  two  parts,  with  an  Appendix.  Part  I.  A  Prac- 
tical Treatise;  Part  II.  A  Theoretical  Treatise,  and  the  Appendix. 
Containing  Notes  to  the  Rules  and  Examples  of  Part  I. ;  Explana* 
tions  of  the  Construction  of  Scales,  Tables,  and  Diagrams,  and  a 
Treatise  upon  Equivalent  Square  Bases  and  Equivalent  Level  Heights. 
The  whole  illustrated  by  numerous  original  engravings,  comprising 
explanatory  cuts  for  DeHnitions  and  Problems,  Stereometric  Scales 
and  Diagrams,  and  a  series  of  Lithographic  Drawings  from  Models  t 
Showing  all  the  Combinations  of  Solid  Forms  which  occur  in  Railroad 
Excavations  and  Embankments.  By  John  Warner,  A.  M.,  Mining 
and  Mechanical  Engineer.  Illustrated  by  14  Plates.  A  new,  revised 
and  improved  edition.     8vo ^4«00 

WATSON.— A  Manual  of  the  Hand-Lathe : 

Comprising  Concise  Directions  for  Working  Metals  of  all  kinds. 
Ivory,  Bone  and  Precious  Woods;  Dyeing,  Coloring,  and  French 
Polishing;  Inlaying  by  Veneers,  and  various  methods  practised  to 
produce  Elaborate  work  with  Dispatch,  and  at  Small  Expense.  By 
Egbert  P.  Watson,  Author  of  "  The  Modem  Practice  of  American 
Machinists  and  Engineers."    Illustrated  by  78  engravings.         1^1.50 

WATSON.— The  Modem  Practice  of  American  Machinists  and 
Engineers : 

Including  the  Construction,  Application,  and  Use  of  Drills,  Lathe 
Tools,  Cutters  for  Boring  Cylinders,  and  HoUow-work  generally,  with 
the  most  Economical  Speed  for  the  same;  the  Results  verified  by 
Actual  Practice  at  the  Lathe,  the  Vise,  and  on  the  Floor.    Together 
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with  Workshop  Management,  Economy  of  Manufacture,  the  Steam* 
Engine,  Boilers,  Gears,  Belting,  etc.,  etc.  By  Egbert  P.  Watson. 
Illustrated  by  eighty-six  engravings.    i2mo.       .        .        .        $2.^0 

liTATSON.— The  Theory  and  Practice  of  the  Art  of  Weaving 
by  Hand  and  Power : 
With  Calculations  and  Tables  for  the  Use  of  those  connected  with  the 
Trade.  By  John  Watson,  Manufacturer  and  Practical  Machine* 
Maker.  Illustrated  by  large  Drawings  of  the  best  Power  Looms. 
8vo.  .        .        .        • ^7*50 

WATT.— The  Art  of  Soap  Mfiking: 
A  Practical  Hand-book  of  the  Manufacture  of  Hard  and  Soft  Soaps, 
Toilet  Soaps,  etc.,  including  many  New  Processes,  and  a  Chapter  on 
the   Recovery  of  Glycerine  from  Waste  Leys.     By  Alexander 
Watt.    111.     i2mo.         .        . |(3.oo 

WEATHERLY.— Treatise  on  the  Art  of  Boiling  Sugar,  Crys* 
tailizing.  Lozenge-making,  Comfits,  Gum  Goods, 
And  other  processes  for  Confectionery,  etc.,  in  which  are  explained, 
in  an  easy  and  familiar  manner,  the  various  Methods  of  Manufacture 
ing  every  Description  of  Raw  and  Refined  Sugar  Goods,  as  sold  by 
Confectioners  and  others.     i2nio.      •        .        .        .        •        $1*$^ 

WIGHTWICK.— Hints  to  Young  Architects : 

Comprismg  Advice  to  those  who,  while  yet  at  school,  are  destined 
to  the  Profession;  to  such  as,  having  passed  their  pupilage,  are  abonl 
to  travel ;  and  to  those  who,  having  completed  their  education ,  are 
about  to.  practise.  Together  with  a  Model  Specification  involviiig  a 
great  variety  of  instructive  and  suggestive  matter.  By  Georgb 
Wjghtwick,  Architect.  A  new  edition,  revised  and  considerably 
enlarged;  comprising  Treatises  on  the  Principles  of  Construction 
and  Design.  By  G.  Huskisson  Guillaum^,  Architect.  Numerous 
lUtistrations.    One  vol.  i2mo 1^2.00 

Will. — Tables  of  Qualitative  Chemical  Analysis. 

With  an  Introductory  Chapter  on  the  Course  of  Analysis.  By  Pro* 
Jbssor  IIeinrich  Will,  of  Giessen,  Germany.  Third  American, 
from  the  eleventh  German  edition.  Edited  by  Charles  F.  Hikes* 
Ph.  D.,  Professor  of  Natural  Science,  Dickinson  College,  Carlisle,  Pa,. 
8vo.  .        .        * $i-SO 

WILLIAMS.— On  Heat  and  Steam : 
Embracing  New  Views  of  Vaporization,  Condensation,  and  Explo- 
sion.   By  Charles  Wye  Williams,  A.  I.  C.  E.    Illustrated  8vo. 

^350 

WILSON. — A  Treatise  on  Steam  Boilers  : 

Their  Strength,  Construction,  and  Economical  Working.  By  Robert 
Wilson.     Illustrated  i2mo ^2.5* 

WILSON.— First  Principles  of  Political  Economy: 

With  Reference  to  Statesmanship  and  the  Progress  of  Civilization. 
By  Professor  W.  D.  WlLSON,  of  the  Cornell  University.  A  new  and 
revised  edition.    i2mo i^i.50 
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WOHLER.— A  Hand-Book  of  Mineral  Analysis  : 

By  F^  WdHLER,  Professor  of  Chemistry  in  the  University  of  GQttin- 
gen.  Edited  by  Henry  B.  Nason,  Professor  of  Chemistry  in  the 
Renssalaer  Polytechnic  Institute,  Troy,  New  York.  Iliustraled. 
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Being  a  Practical  Treatise  for  the  use  of  all  persons  employed  in  the 
manipulation  of  Textile  Fabrics.  By  Robert  Beaumont,  M.  S.  A. 
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POSSELT.— Technology  of  Textile  Design : 

Being  a  Practical  Treatise  on  the  Construction  and  Application  uf 
Weaves  for  all  Textile  Fabrics,  with  minute  reference  to  the  latest 
Inventions  for  Weaving.  "  Containing  also  an  Appendix,  showing  the 
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ROSE. — Steam  Boilers  : 

A  Practical  Treatise  on  Boiler  Construction  and  Examination,  for  the 
Use  of  Practical  Boiler  Makers,  Boiler  Users,  and  Inspectors ;  and 
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SULZ.— A  Treatise  on  Beverages  : 

Or  the  Complete  Practical  Bottler.  Full  instructions  for  Laboratory 
Work,  with  Original  Practical  Recipes  for  all  kinds  of  Carbonated 
Drinks,  Mineral  Waters,  Flavorings,  Extracts,  Syrups,  etc.  By 
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